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‘SECONDARY EFFECT OF CERTAIN IMPORTANT 
RIVER BRIDGES | ON LOCAL ‘TRANSIT CONDITIONS 
‘ This 3 paper isa a study 0 of the , effect o: of the « construction on of important vehicular 
bridges on transit conditions in the adjacent ‘communities. Although the 
= | primary object of building such st structures is usually the accommodation of 
nt 4 vehicular traffic, railway tracks are likely to be included, and the increased ; 
4 transportation. facilities thus provided ¢: cause far- -reaching changes i in the trend — 
of ‘passenger traffic. In particular, the effect has been studied of the 


‘struction of the Brooklyn and Williamsburg Bridges on travel between. the 
Boroughs of Manhattan and Brooklyn of the City of New York. _As an an 


a 7 gation, the situation -ereated b by the erection of the 1 new v Delaware River ‘Bridge 


4 between Philadelphia, Pa., and Camden, ‘N. J., has been considered. 
xedings, alysis of traffic movement across the East River, New York, indionten that 


the he existing transportation lines i in New J ersey should be extended across head 


te Influenced by ‘the great increase in the use of 1 motor vehicles during the 
past few y years, there has been a correspondingly greater | demand for vehicular 
bridges. Additional facilities have been provided in many places where 
existing ‘structures were inadequate, and new bridges have been built. where 
none previously existed. To- day, there are probably x more large bridges under 
After an important vehicular bridge has built across a wide ‘Tiver, 
and the communities on the two banks are thus brought more closely together, es: Pc ; 
great changes" may be expected i in the trend of traffic. Frequently, besides. the 
primary effect | on vehicular traffic, there is also a secondary effect on local 
passenger transportation. — In any given case, a study of the development and 
outcome of similar situations elsewhere, should forecast the effect that a new i 


An excellent example | of the tremendous changes i in passenger traffic swhich 


may follow the completion of an important bridge i is furnished by the history — 
of the Brooklyn Bridge. Before its construction, the only method of travel — - 


ree + cel —This paper is issued before the date set for presentation and discussion.: Cor- 

will be ence is invited and may be sent by mail to the Secretary. Discussion on the paper a 

will e closed in August, 1924, and, when finally closed, the paper, = discussion in full, rae 
be Published in Transactions. 


Editor, 


way Journal, New York, | 
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Lower Manhattan was: by, the East River ferries ; the 
building ¢ of this, the first, bridge had a -far- reaching ‘effect on local 

traf, that by ferry. This effect 1 may reasonably be expected in any 

irg Bridge, ‘replacing 

ferry service of sections ol Manhattan and Brooklyn not accommodated 


by the first bridge, had an almost identical effect. 


However, since conditions are 8 seldom exactly alike in any two cases, the 


- conclusions reached from a a study ‘of E East River traffic by bridge and ferry may 


to be modified before estimating ng future traffic elsewhere. 


BROOKLYN 


7 


Prior to the opening 
Manhattan and ene carried by the five lines of the e Union 
Ferry Company. ‘Beginning with the most ‘northerly, these lines” were, in 
ie (1) Catherine Ferry, from Main Street, Brooklyn, to Catherine Street, 
- New York; (2) Fulton Ferry, from Fulton Street, Brooklyn, to Fulton Street, 
New York; (3) Wall Street Ferry, connecting Montague Street, , Brooklyn, | 
. Lu and Wall Street, New York; (4) South Ferry, from Atlantic Avenue, Brook § 
ye lyn, to the foot of Whitehall Street, New York; and (5) Hamilton Ferry, from 


Hamilton Avenue, Brooklyn, to ‘Whitehall: Street. i routes are shown i in 


Passeng ger Drath 


headway. fare was the same on all cent during rush 
; _ otherwise 2 cents. F Records show that the business done by the Union Ferry 
Company in 1871 amounted to 41 000 passengers, increasing by 1883 to 
than 51000 000, as indicated in Fig. 2 
On “May 24, 1883, the Brooklyn Bridge oun opened, and in September of 
_ year, the operation of the Bridge Railroad (cable) was 3 commenced. This 
 yailroad was sim} ply a shuttle-line across the bridge, running 2-car trains and = 
charging a 5- cent fare. — As the Bridge Railroad was less convenient than | 
the ferries, and the fare was higher, it did not at first take : away ‘much trafic 


from them. Approximately, 1 000 000 passengers | were carried across the bridee | 
in 3 months of operation ; 8 500 000 in 1884; 000 000 in 


2 000 000 per year. The surprising of the situation, however, 
=. that in spite of the fact that 26 000 000 people used the bridge i in 1886, the & 


ferry traffic remained at 50 000 000, or nearly as ‘much : as before the bridge 


cee In 1886, the fare on the Bridge F Railroad was reduced from 5 to 8 cents; and 


ee the trains were lengthened to three : cars. This reduction ‘made the differentia! 
es between bridge and ferry rates during the greater part of the day only 2 cents 
a ‘round trip instead of 6 cents. Another "affecting traffic i in | the ‘fol: 


combination ‘of these two influences resulted i in a serious s loss of 
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itt tlio of 
LOWER MANHATTAN 
AND PARTOF 
BROOKLYN 
EAST RIVER BRIDGES 
ERRIES AND TUNNELS 


SCALE IN HOTS 


Union Ferry Co, Lines -. 


the EFFECT OF RIVER BRIDGES ON TRANSIT CONDITIONS 
i on a loss of more than 30% from the high peak before the bridge was opened; the : 
lacing Bridge Railroad, on the contrary, continued to carry a heavier traffic each year, Pit, ; 
dated @ and, in 1890, actually exceeded the ferries in number of passengers, the figures 
| Ff being about 38 000 000 and 35 000 000, or a total of 75.000 000, including pedes- 
» trians, between Lower New York and Brooklyn. | This represents an increase of ae q 
y may | 56% during the decade, as against an increase in the population of Brooklyn of —__ 7 
" ff only 40 per cent. It is evident, therefore, that after seven years of operation, = § [ 

_ the Brooklyn Bridge had not only robbed the ferries of 
their business, but had also created an absolutely new riding habit. 

ch trafic = 

assenge™s uring the next ten years, the ferry traffic remained surprisingly uniform, 

oe =“ in 1900 only slightly less than in 1890. Meanwhile, the bridge traffic dhe - . 
7 toe loss on account of the panic of 1898, but recovered soon after 


= 


“¥ ward, On February 16, 1898, iia service 1 was inaugurated, making possible 

2 a continuous trip | from Park Row, New York, to various points: in Brooklyn. 
i In the: ‘same year, the operation of the ‘Bridge Railroad was taken o over by 
the Brooklyn elevated system, , and free transfers became effective between the 
fv. lines; this combination caused | a tremendous jump in the bridge traffic, 
which practically doubled in the succeeding two years. Strangely enough, 
— however, the ferries suffered no loss on this account; in fact, they carried more 

: ss passengers in 1899 than in 1895 before the inception of trolley service on the 
; ‘ _ bridge. A summary of ‘the decade from 1890 to 1900 is almost ‘identical with 
PR that of the preceding decade, as the population of Brooklyn again ‘increased 
about 40%, w while the total traffic across the river increased 59 per cent. — ~ From 


it appears: that the improvement in the bridge facilities and the -redue 


tion in: rates coincident with the opening of \ service strongly 


pened May 24 
» 8Car Train 


ize} 


Bridge R.R.Reduced Fare to 3 ¢ 


Brooklyn Brid 


¢Interborough Tunnel opened Jan. 
able Cars abolished and through 


cig 


» in occurred until 1908. Even the 


a opening in 1903 of the Williamsburg Bridge, about 4 Iiles away, apparently 


no effect whatever. cable railroad across the Brooklyn Bridge su¢ 


cessively increased the length of its trains, in 1905, to four ears, and, ¢ again, 


1007, to five cars. These changes were necessary to accommodate the com 


- stantly growing volume of traffic over the bridge, but the Union Ferry Company 
continued in the same way as before, about: the same number 


of 
ary of that year ‘the first tunnels under the East River were opened; in 
year, the operation of cable « cars on the Brooklyn Bridge: was” "abandoned 


and | through elevated. service was inaugurated, using 6-car. trains s running 


pea a 


a directly to the N ew York ‘Terminal. Ins spite of better ‘transportation on the 
bridge, however, t the traffic diminished sharply from more than 150 in 


Tay, 


We 
— 
— © j 
— Ficcurves | | | | | 
ug JOKLYN BRIDGE AND UNION FERRY CO. ' 
a 
| 
— 
44 
— 8 «C| 


a BFFECT OF RIVER ‘BRIDGES on ‘TRANSIT CONDITIONS| 

to about 110 000 000 in 1908, the opening of the 
tunnels. This also was the determining factor in the utter ruin of the 
q passenger | business of the ferries. ~The traffic of the Union Ferry Company — 
running at ‘approximately 30 000 000 per year in 1907. Then came the 
ae slump: 1908 showed a loss of 27% from the previous year and 1909 was 32% 
43 below 1908. Oo Asa result of the opening of f the Manhattan — in 1910, the 


Street ‘end Welt Street lines were abandoned. at 

y the question of traffic, the 

bridges 1 have never appealed strongly to horse- drawn vehicles. ‘When the 

bridge 1 was built, and for 1 many years thereafter, all vehicular traffic was horse- ak 
& drawn. The hig 1 point of the roadway of Brooklyn Bridge is 135 ft. Rieke 
¥ mean high water, and i in spite of the fact that the approaches run back to rin 
Tongly “elevated above the water- front, nevertheless, hard climb is required 
vehicles” crossing the bridge. With the increase of automobile traffic, the 
importance of tl this feature has but there has always been 


redue- 


horse drawn traffic either originating - near the docks, or preferring, the easy 
ferry passage t It was 
horse-drawn trafic that enabled. three of the Union 
_ Ferry Company to continue until recently a moderately profitable operation. 7 id 


Conclusions Drawn —Consideration of the traffic over the Brooklyn Bridge 


and the East River ferries leads to several definite conclusions: 


long as the is ‘considerably 1 high er ‘thin “the fare, 
‘passenger traffic will not abandon the 1 latter in favor of the former ; this is 
by the fact that the Union Fe erry, Company lost practically no | business 


the a fare was 3 cents greater. When the difference was reduced to 


—Bridge shuttle has 1 relatively little appeal to the public. 
on the Brooklyn Bridge doubled in two years, after the inauguration of a 
trolley service from Park Row to points in Brooklyn. sy he i increase in the two 


fi from 1898 to 0 1900 1 was as BT eat | as ‘during the previous fifteen years. 


wil create a large new tall This is proved: inasmuch as th 
total number riding between down-town Manhattan and Brooklyn increased — 
more rapidly than the population of Brooklyn. over the same period of years, 
the increase being wholly on bridge, ast the ferry traffic either 


constant or actually decreased. 


“2 Prior to the opening of the Williamsburg Bridge, the traffic between Man- © 

~ hattan and ‘the Williamsburg Section of Brooklyn was carried chiefly by the ; 

several lines of the ‘Brooklyn ‘and Manhattan Ferry Company, operated 

Brooklyn, to Roosevelt, Grand, East 23d, and East 42d Streets, 
Manhattan from ‘Giana Street, Brooklyn, to Grand Street, Manhattan ; and 
from to East 10th and East 23d These 


provided the only transportation between ven, The: Section and that 
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Company being 1¢ miles away, had no influence on the situation. 


a 


- . On December 19, 1903, the roadway of the Williamsburg Bridge was opened. _ 

_ Nearly a year later, November, 1904, trolley service was inaugurated (a local | 
= _line across the bridge only) ; ; in February, 1905, through trolley | operation 1 was : 

_ started; and in the fall of 1908, rapid transit service began. To quote from 
2. of the Annual Report of the Public Service Commission for the First 


7 “a8 at, “The following | are the most immediate effects * * *- - of the opening of | 
ake * * * the Williamsburg Bridge in 1904: Discontinuance in 1908 of the fol- ; q 
= “4 lowing ferries: Grand Street, Manhattan, to Broadway and to Grand Street, — 4 

Brooklyn; Roosevelt Street, 23d Street, and. 42d Street, Manhattan, to Broad- | 


should be noted that the ferry lines were in 1908, the year 
d 


a ‘that subway service across the bridge was inaugurated and four years after the 
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TRAFFIC CURVES | 
WILLIAMSBURG BRIDGE AND | 


BROOKLYN AND | MANHATTAN, 


Sa 


Broadway 


A study of passenger traffic 
? { 
$f 
figures for individual ferri 
completion of the structure, putes from Greenpoint, the traffic of wh th 
. The two rou tegory as tne 
d ] available. T In the Same categ 


ae many as s the Union Ferry ‘Company it in the heyday of its. ‘prospeeiiy. 3 
— In 1904, the traffic remained constant, because no trolleys v were used on the | 
wae until November. In 1! 1906, 906, after through 1 trolley se service had commenced, — 
the: ferry traffic ‘decreased to 16000 000, a loss of 67 per cent. . The year that i: 

service began, the ferry traffic was 14000 000, but the 
it was only 000 000. These variations are ‘shown i in n Fig. 3. 

Thus, the | 

was repeated without any important variation when the Williamsburg it 
= opened—the through s service across ‘the bridge was the ‘factor ‘that finally : 

spelled the doom of the ferries. would a appear that ‘similar developments 
likely to result from like conditions, wherever they occur. san example, 
it may be interesting ‘to consider: the bridge now being built ac: across the Dela- a 
3 River from Philadelphia to Camden. ‘This situation is so similar to the 3 


others that it should be possible to forecast ‘the effect of the a ar of the 


Philadelphia; from Point | to Vine Street, Philadelphia; from 
Market Street, Camden, to Market Street, Philadelphia; and (4) Kaighn pie 
= Camden, to the foot of Chestnut Street. _ According to the report of bi = 
Board of Engineers to the Delaware River Bridge J oint Commission, of 
. June 9, 1921, "passenger: traffic is divided : among these routes, as as flow: 
Schackamaxon Street, 1%; Vine Street, 2%; Market Street, 77%; ‘and Kaighn 
Avenue, 20 per cent. The first two routes are unimportant ; likewise, the a 
Kaighn Avenue Ferry, need | hardly enter into the as 
traffic , is largely composed of of passengers of the Philadelphia and Reading Rail 
is road, who will patronize that ferry i in any case, and a few others who use i . 
for convenience alone. ie has already been shown from the history of the 4 
Brooklyn and ‘Williamsburg Bridges that traffic crossings 1 mile or more apart 
4 are virtually independent of each other. Hence, the e use 0 of the Kaighn Avenue 


Ferry i is unlikely to be influenced by the new bridge. 


Ferry statistics for 1920 show that 37 000 000 passengers use the 
Street, ‘route, of which the Pennsylvania R Railroad Company estimates that 


ne-third uses the trains to and from the Camden Station. appears unlikely 
ie that these travelers will be diverted to the new bridge as long a s the Camden poi 
«St Station remains where it is. _ Moreover, the ferry i is free to railroad passengers, si 
be reasonably. that the commuters from suburban po tailed: 
xy ersey will desert th the railroad i in favor of other means of transportation, simply — 4 
because the latter crosses the bridge into Philadelphia. fi corollary of the 


n that the Pennsylvania Railroad Company will retain its pres en th ; 


_Papers.]| OF RIVER BRIDGES ON TRANSIT CONDITIONS — 
others in regard to bridge competition, but because the major part of the traffic _ 
earried on the lines operating from Grand Street and from Broadway, 
eo 4 - Brooklyn, this inclusion does not alter the situation. In 1903, the Brooklyn 7 
: 
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* | At present, four ferry routes cross the Delaware River between Camd 
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396 ne OF ‘RIVER BRIDGES ON TRANSIT CONDITIONS 
traffic, is that Market Street Ferry: wills continue operation indefinitely, 
possibly with less frequent service. A certain amount of horse-drawn traffic 
will probably continue to patronize the ferry, as the case of the ‘Union 


Ferry Company, because, : at Philadelphia, many of the profasd warehouses are 


= 


\ 


"PHILADELPHIA 


LOCATION OF NEW BRIDGE 


SCALE IN MIL 


Camden Surface Lines 


4 


passengers who no interest in local i in and 


the z remaining two-thirds, numbering about 24 600 000 per year, or 67 500 per 

day,’ use trolley or busses, or walk to near- by points. The effect of the “new 
on Delaware River Bridge on the local transit situation resolves itself into a ques-_ 
tion of what these passengers do. Referring to the history 


‘ 
j 
| 
— 
4 
— 


a “Brooklynites” bound to Lower Manhattan is usually within easy walking Fs 
distance of ferry and. bridge @ terminals, , whereas the ultimate destination of | 
“Camdenites” bound to Philadelphia is apt to be some distance away from the y 
erry terminal at the foot of Market Street. ~ Again, when the Brooklyn Bridge * a 


ag 


the report ¢ 


Joint Commission, it is proposed: that there. shall be 4 


- four tracks on the bridge, two for interurban rapid transit trains, and two for : 


trolley shuttle- line, is further suggested that there shall be constructed 
at som 


Sersey which shall use the bridge and the existing subway tracks of the Phil. 


-adelphia. Rapid Transit Company, thus connecting various 
direc tly with the heart of Philadelphia. As an ultimate solution of the trans- 34 
“portation question in this area, the plan i is not without attractive features, but a 


asa possibility for the near future | it is hardly thinkable—the cost of « construc- 


tion | would be out of all proportion to the present traffic demands of Camden — 


There are, however, several ways of utilizing the tracks, s, without involving 


‘expensive 1 new ew elevated ¢ constr ruction \ 


» 
Mickle, and Fifth Streets. ” Baisting transportation ‘agencies ‘would ‘cont 


the bridge of either the Philadelphia subway or sur- 
face lines toa terminus at the Camden 


8. eration of. the Camden lines across: the bridg e to a ‘terminus at the 
p 
4.—Some of the foregoing plans, 


Shuttle Service.—In case se shuttle service is operated, the length the 


: will be about 4 mil miles per round trip. A fairly short headway v would always | be 
necessary, because people are used to frequent ferry service ; an even ‘shorter 


headway would be required to. ‘take care of the sharp rush-hour peaks. ‘ Ona 
P _4min. schedule, this would mean a at least 300 trips per ¢ day, or 1 200 car- -miles. 


‘The annual operating expense, at t 40 cents p per car- -mile, * would be $168 000. Bae 
It is dition to estimate the exact number of would prefer 


service ‘slightly - attractive to “Casadenites” it proved to 


New Jersey people ‘desiring to reach a “point within easy 


: walking distance of the Pennsylvania end of the bridge would probably y save 


Se, ferry and 7 cents i in » Philadelphia. On the other hand, ‘those whose desti- 
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ae East River ferries, nevertheless the fact that the bridge terminal is more JJ 
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‘take local transportation in and unless the bridge fare was 


cents,’ they would be paying ‘more money by 1 using. the 2 shuttle. More- 
over, for a person who uses s local transportation in both. cities, a short ferry 
ride is ‘a pleasant interlude, and the substitution of another rail trip for his — 
‘present water trip would have little appeal. took olf to 
assumption that the traffic on a shuttle- would approximate 
. "number of people 1 who now walk to and from the ferries in Camden, would prob- ¥ 
4 ably not be | far. wrong. &F rom F ig. 5, the total number of pedestrians (both © 
directions) is shown to be about 15 000, of which number, 6 000 are carried by | : 
the ferries in. the two rush hours—eastward i in ‘the morning and westward at 


night. On a basis of 100 passengers per car, the 4-min. headway of the shuttle — 
* cars would accommodate 1500 per hour as a maximum, and t thus reduce the 


possible. total passengers to 12 000 per day. The present local fare. on the 


Williamsburg Bridge i is 12 cents, on the Brooklyn Bridge, 24 cents, and « on the 
Market Street Ferry, 4¢ cents. In view of the conclusions reached by a study of 
the traffic on those two bridges, ‘the n maximum fare | possible on the Delaware : 


| = River Bridge shuttle appears to be 3 cents. ‘The annual revenue wonid then be 


$126 000, or $42 000 less than the estimated costs. It would be impossible to. 
are justify a larger estimate ‘of traffic on a bridge s shuttle- line on the ground of 


experience ce elsewhere. ‘Under these circumstances, the plan ca can be dismissed as 


impractical, because i it would be neither popular or profitable. 


LOCAL PASSENGER COUNT 
EASTBOUND AT 
MARKET ST. FERRY TERMINAL, ‘CAMDEN ‘ 
Totals — Arriving Ferry Pass., $2780 
Pass, taking Trolley or Bus, 26 029 


Pedestrians and Taxi Pass., 7 751 
WROTE Sf! 


Rass. taking|P.R.R. Trains 
Camden Station are not included _ 


= — 


Time 


‘Extension n of Philadelphia Lines. —The next possibility to be 
the operation n of the subway trains of the sien This Rapid Transit Company 


‘across the’ bridge to a terminus i in Camden. 


if 
4 4 
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i 
i 
| 
A 
: 


Papers.] EFFECT OF OF ‘RI 


will be so far back. from the river and so far north of the present 
ay under Market Street, that it would be no easy matter to get the trains ‘ 
‘the bridge. Moreover, in so doing, subway service to ‘the lower end ‘of 


Street and to the ferries would be sacrificed. additional mileage 
be added to the operation if Camden was made the terminus: in place 


: of the Philadelphia. water- front. It would hardly be feasible to split the serv- 


ice, sending some across the new bridge and some to the ferries, because it is 
already split between Frankford” and the ferries. As s the ultimate des- 


tination in Philadelphia. of ferry passengers is | probably the 1 vicinity of the 
City Hall, the majority of them now use the Philadelphia Rapid Transit lines. > 


There would, therefore, be no in crease in traffic to this Company if it were to a 


e 


| 


cho 
Operate over the bridge. Unless an extra fare ¢ ‘the bridge | should be 


ane charged, there would be no increase in revenue to counterbalance the added — 


A in re le to countern 
“mileage and the traffic lost by failure to serve Lower Market Street. 
Similar er criticisms can be made of. projects: to send Philadelphia trolleys 


across to Camden. Although the latter could be arranged with less construction 

cost, the Joss of traffic on parts of their present ‘routes and the same 

increased mileage without increased revenue would result. ‘From « every point 


of view, it is undesirable to tie up the Philadelphia transportation system, the 


oO 


= 
D 


primary mission which is to serve city, with bridge service of 


notte 


ractive 
the 65 | local passengers on the Market Street Ferry, 1%. 
on use the trol lleys or busses i in ‘Camden and approximately 24% walk (Fig. 5). 


sf 


With, cars running ‘through from the New Je ersey ‘side directly. jinto, 4 


‘phia, a large proportion of the pedestrians probably would become p passengers, 
because. the inevitable ‘curtailment of ferry service would make the bridge the 


Wee 


natural, route for the river. Although: not all of them would neces- 


that one- the people wh who now walk 1 to the ferry, would: take trans- 


portation across the bridge if no extra fare charged, this. ‘would. give a 


trafic: increase of 8 000 per day, or 2.800000 year. will be seen that 
this figure is smaller than the traffic estimate already given for a rn 


shuttle-line. ‘This is natural if the existing transportation agency charges: 


regular fare, which is higher than that which could reasonably be. asked: 
on a Jshuttle-line. Hence, fewer pedestrians would become riders. To counter- 
_ balance that, samenin is the fact that it would cost much less for the present — 


= to extend service across the new bridge, than a ‘shuttle-line to 


a The volume of travel between Philadelphia and ae 


. oe ame to the rail passengers, , averaging | less than 8% of the total. + 4 i 


; “Bale: increasing , steadily, as shown in Fig: 6, and with the completion of the 
_ bridge may be expected to increase even more rapidly. — _ This increase in the 


iding habit would soon greatly augment — number ¢ of passengérs, ‘aiid ‘eveii 
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EFFECT OF RIVER ‘BRIDGES ON TRANSIT 
ie allowing for rather wide variation in these f figures, the plan remains a 4 

Possible Combined Plans. —The fourth 3 isa combination of two 


the plans already mentioned. Tt is evi ident that the shuttle service, would 


G8 


be unprofitable | even though operated as | a monopoly on th the bridge; if operated bi 
of ‘through service, it would be even more anprofitable. ‘The dis- 


advantages: incident to the op 
across the bridge weigh equally against any combination plan. 


| [TRAFFIC CURVES 
bigss! From the Reporttothe 
Delaware River Bridge Joint Commission x 


3900 06 "08 "10 "12 20 "22 "24 "26°28 "34°36 


* 


The fact that operation: across the Delaware River would involve 


"interstate transportation is an important consideration. ‘Probably neither rail- 


way is desirous of ¢ coming under the jurisdiction of the Interstate oa 

and a | profitable business would have to be assured before either 

company would undertake such h operation. Then, too, the present population 


nic 


= of Camden and its environs i is 3 much smaller ‘than that of Brooklyn in 1883, 


that no such volume of traffic that carried by the Brooklyn Bridge 


4 its early | days could be expected for many years. On the other hand, one 
the existing transportation agencies, rather than see its territory invaded 


_ by another. might prefer to give a service | even at a sacrifice, in order to keep 

_ Comparison of Plans. —In view of the history of the East River bridges, 


“the logical program appears to be, therefore, that the local transporta-— 


tion lines in ‘New Jersey extend their service across the new Delaware River | 
Bridge: to ‘Philadelphia. Such a development would be in harmony with the 


rue mission ‘of these lines, which is to bring New J ersey suburbanites into 


he city. Moreover, it no serious iconstruction problems, and is 


tat 


i 


R wa. across s the Hudson. River, to New ; ersey. “In such cases, , the: general con- 
clusions. reached from a study 0 of. the. East River bridges ‘would probably be 
should receive careful consideration before the. adoption of 


peration of the Philadelphia lines by ‘themselves ” 4 ; 
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SOLUTION OF MASONRY DOMES 


Synopsis 


The object of this was to develop analytical formu las for 


spherical and “conical shapes. The. usual method 


“of considering the forces on an elementary voussoir was ‘adopted; that is, all: 
- the factors which vad vary independently 1 were kept s separate, and appear in 
= final equations. — These equations give the meridional and ring stresses eu 
any point in any dome the plan of which is radially symmetrical. e ‘There is a 
also an expression for the strength required i in the tension ring at the | top of 
al cylindrical support for a dome. _ The formulas have this advantage, that the 
designer, once having assented to ti them, can comfortably forget h how they were . 

‘Having developed these it was necessary. to justify 
by showing that the established formulas for special cases can he derived f rom 2 a 


‘them. This proves to to be true in every instance. 


Finally, the general equations give ‘occasion to discuss certain facts which 
— been overlooked or confused in ‘some of the previous writings on the 
subject. = ‘The paper aims to show that the conclusions derived from ‘the 

formy 


ormulas: are those which be reductio 


ong 


3 following discussion deals with the stresses: in dome > of any profile, 


that is symmetrical about. vertical axis. The: formulas” submitted 
: simpler than any which the writer has seen, and it will be shown that they | are va 


consistent with the established equations for spherical and conical domes. 
» In all cases, the line of stress is assumed to lie i in the middle of the section a 


as in most modern treatments of the subject. As domes are usually monu- al a4 4 
mental, the in increased factor of safety i is no detriment, there is the 

2 added advantage of analytical formulas which are simple enough to be of 


ess whet 


the notation (Fig. 1), units are given in pounds and feet 
= meridional stress, in pounds per foot of horizontal section. 


B = ring stress, in pounds per foot of profile. 


OTE.—Written discussion on this paper, which will not be presented at any oral 
of the “Society, will be closed with the August, 1924, Proceedings. When closed, 
Paper, with discussion, will be published in 
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= 
aubier teil C= tension in athe top ring of a vertical cal support or compression in the ~ 


ym ring of a vertical lantern, a 
i n, in pounds 


“= sum of all loads above a given level, x. 


= average weight a of shell per square f foot at level, 
4 


radius of curvature of profile at 3 cut 


shine a = horizontal distance f from x to axis of dome. 
and the horizontal. at 


= angle between radius, R, and 

ce = radial bursting force on 8, T, Sew an area of 1 ft. 


a circle of radiu 
of circumference 1 ft. of profile, in pounds per square foot. 


following applies to pyramoidal domes: 
R= radius of curvature of the profile on a diagonal, at level of =. fon, 
4 
vot n= of sides: of polygonal horizontal section. iti sation 


ef 


o= angle between diagonal and side of polygon. 


M= = bendin ina horizontal element at level, x, foot: pound. er 
gis 

The following notation applies to spherical dom 

r t m nt, Z. 
e1g t top asonry to poit t, of 


ford 
h= : height center. of sphere to point, rs 


weight of lantern, in pounds. 
w == weight per cubic foot of sl 


thickness of ‘shell = 


a = vertical height of apex of cone 2. pire 
h = vertical height of top of masonry above : 


8 = slant height of top of masonry above x. 
horizontal radius at top of n masonry. atl 


uniform weight of shell per square | 


al faery Te this 


‘ Fie. 2 ‘shows oe vertical section of part of a conoidal dome, that i is, a dome © 
the by revolving profile about a vertical axis. ‘The forces used 
me acting on a voussoir, 1 ft. long and Rd@ high, at any point, z. ea 


wing act on the : The meridional ro 


above = — sec (6-+d 16); the horizontal component = t 

: and the vertical ‘component = ee of the voussoir = p Rd 
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AVALTTICAL SOLUTION OF ‘MASONRY: DOMES 


+ The meridional thrust. from below (assumed to be tangent to the p 


= pRdé) secé; the horizontal component = 

‘tan 6; and the vertical component = =-=—+pRd x 


-CONOIDAL DOME 

TYPICAL DIAGONAL 
PROFILE 


ure 


Center of Curvat 
of Profile 


Uiw 


NOTATION 


The radial force necessary to keep: the rast in the center of the shell, ai 


assumed (sum of all the other horizontal components) = 


represents the tendency of the dome burst. 


Rado: tan (6 +d 6) — +pRde tan 


tipi day 


an 


rs 


ve = * 


rofile) 
bie 
me a 
a 
q 
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€ 


+ tan? 6) — 


_BMOS 


pressure in a pipe, and the B, the pressure, 
Hr Ib. per ft. of profile. | 
(1 + tan? 6) — pr = ec? — 


Consider the lower part of the the 


‘ring, and replaced by a cylindrical vertical support. The will 


exert on this soping fore, per ot 5 


(8 + d 4) or, if is 0, this will be sec 6, the vertical compo- 


¥. 


and the horizontal a. is 


we 


The root ring tension in the top of the cylinder i is this horizontal 


al of which i is he weight of the dome, in pounds per foot of circum- © 


tan 6, in per 


moe ‘onal At the top of an open dome, a hina load, such as a lantern, “may be 


placed. ‘This load requires a compression ring in the bottom: » to the 


tension ring which has been considered. 


ich 


per f 


4 


4 | 
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The corresponding ring compression is, therefore, 


Equations (4), (6) are for. all eonoidal, domes. the: 


. Ee expressions for pyramoidal domes, of which the conoid is a nT 


oP 


domes, to which these formulas a apply, are vie 

a curved profile and horizontal sections which are regular similar polygons, 

a: In Fig. 3 is shown a plan of a pyramoid, and a vertical section through the 
"intersection of “two adjacent: faces. ‘The loads are assumed as. acting along 
: the corner ribs, whether the filling between is of glass « or ‘masonry, and ‘are 


rr. 


he fers tension, the radial resultant is 2 B R dé cos” 


c The radial bursting force then = = — d 9 the 


- between the horizontal components of the meridional. thrusts above and b below 
ER the 4 to Tes 


{ 
1 
a 

: 

i 

he 

> 

of If ist 


befo 


with a : do approaching 


| 


re, 


Similarly, as dé 


a6 - tan as 


tang + tand 6 seh. 
tan 


L—tandtand@ 


—90 
1 — 


n | - 


sho. 


‘ 


—pLRdotan 


ad wort tw 


tan@ 


q 


2 


© 


df bas alt tong 


ecomes 0, ‘the! meri 


dional stress, A, equals 


| 


wits: 


De 
one 


sec 6 


(9) 


aot 


in pounds per 


<2 


izontal component o of the meridional 


thrust, A 


= ¢. 


tan 6, and the | 


\ 


— 


Ww 


tan 6 


in pounds, tion 


Where the between the are 


(10) applies equally to a giving ring 


com- 


filled with ‘solid masonry, 


ae “meridional stress along the center line of the face produces ; a bursting stress 
which is not directly 1 resisted by ther ring stress, and, therefore, must be carried 
in bending to the he ribs. total force on any sector 


on 


\ 


per foot of profile. the masonry | is continuous around the whole dome, 


the horizontal moment at the center each sector and at rib will be 


+ = a 


Referring to Equation (8): 


+ 


+ tan? 


‘to 


added to that due to B, which i is direct stress in the same 


Al 


tio 


Agster 


tively, 


Tn the of the conoid, L=0; — 


an 


ions (8), (9) 


ss Stresses at Cr 


own.—At a 


a (10) reduce to Equ 


while Equation (11) becomes M= = 


ations (4), (5), a 


0. ue 


nd 


= 0. 


respec 


a point near. the top of any closed dome, the fol 


perimeter of b 


gas, x slant height 2 


oN 


ee prevail: ; Area of surface of cone of base radius, 


sift oes 


and 
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Fi 
+ 
a 
in pounds per foot of 
i; 
4 corresponding ring tension ppo i a 
— 
4, 
4 } 
= 
g 
a 
—  \2sin 6/ sin 


f sec? 


= 5 see tan 6. 


In the general case, center on ye axis, is 
"pointed at the crown, ‘is not vertical, and none of the functions 0 of 


approaches 0 toward the top. ar and B , being direct functions of r, = 0 
at at ‘the top where = j “ome (OL) en oftany. 


ane Where the dome is rounded at the crown, the a of curvature is on the 

«axis, and 6 is 90° at the ‘Then, ‘sec fin: 


T he conoidal formulas w will, now be applied te to the types of 
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Equations (16) and (17 ) have book published previously,* but 
a = lantern weighs V bb, and - the surface of the dome is ¢ ft. hos and 


hig... 
is, the writer believes, original odt 
a weighs w_ Ib. per cu. ft., from Equation (4) 


quation (19) ‘was derived and used by William Cain, M. Am, Soe. O. 


onical Dome. —Fig. 5 shows. a conical dome, for which the surface 
R= = ity; — = 0; tan 6 
+ r = infir nity tan 6 = — 


=e 


rom (4) Bisa 4 


"compression, i pounds per foot of profile. 


6= 


he at the top, 7 Os: 


Transactions, Am. Soc. C. E., Vol. LIT (1904), pp. 269 and 
. cit., Vol. LV (1905), p. 205, 5, Equation (4) 
. oit., D. 225, Equation (9), 
. cit., Vol. LIT (1904), p. 303, Equation 1a). 
ott, Vol. LIV (1904), p. 314, Equation (71a). 
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att 


Oylindrical Wall. —Ifthe cone becomes a -= = s,andr = To 


vt 
From Equation (20), B = 0, that is, there is no horizontal stress, and trom 


Equation (21), A = which is the vertical load per foot 
of circumference. _ From Equation | (22), C = 0, that is, no tension ring is 


A number of interesting conclusions may be drawn from these equations. 
It inaccurate to state > that a full hemispherical dome has no 


around the bottom; Equation (4) shows that for tan 6 = 0, B =~, which 


‘is the greatest tension in the dome. As On the other, hand, C= = 


and that. no tension ring is under the bottom course. The r reason 
for this sudden ait is that the curvature of the profile changes at this point © 

to 0. ‘Iti is the curvature of the | profile causes the sort 


0 toggle action ; and wh ere this curvature changes to zero, the tension does 


likewise. In practice, of course, the thickness of the stone is such that the <—/a 
few courses act as a conical surface, and no such sudden change occurs. by : “ie 


-! It is sometimes noted in in ‘discussions: of this subject that the > horizontal _ © 
tension at any ‘point is equal to the meridional stress and is of. opposite sign. 
This is true only for a sphere, and for a point where the meridional | stress and 


* 
the horizontal stress act in planes at right angles to fo each other. For ‘although — : 


e parallels and the meridians on a sphere always ¢ cross at right angles, if any 
finite element is acted on by the forces along these lines, the resultant of the 
two meridional thrusts will be nearly radial to the profile, and that of the two 


horizontal tensions will be horizontal, the third. balancing 1g force being the 
weight of the element. All three are in a vertical plane. The triangle 
forces i isa right triangle and the horizontal and radial sides never can be ecqual 
“except at the equator; for as the element ‘approaches 2 zero, the resultant of the hy 


meridional stresses approaches a radial position, and only at the a is this - 
vnadius in the same line with t the horizontal resu 
when tan @ = 0, see 1, and R= 


‘om Equation (4): 


om 


26 


. Equation gives ‘the ving. com me 
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be 
4 
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8) 
q 
ig 
| 
19) 
and 
4 
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0)t 

4 
1)§ a { 
i — 
(22) 
— 

4 
Mhich there is no plane of rupture, sine 
«Ub requires a tension ring at the suppor ee 
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opr ion in the v voussoirs just above the support, and (6) gives the 


ee Boral in the ring at the top of the ‘support, The sudden change from com-— 
te to tension. results from the fact that the slope’ changes. suddenly at 


the support from | an inclined to a ver ertical position, leaving the horizontal 


hrust, otherwise unbalanced, to taken by the structure 


“ 


Another not always 1 recognized i in analyses of domes is that, 


a bending e: exists, the stresses at any level have to be provided Son at that level, and 


ca a are not. affected by the shape | of the superstructure, nor by tension rings or 
abutments j in the structure below. 1 Therefore, all the. zones of the dome below — 


the plane of rupture must have their own tension rings or abutments. Re . 
_ -This is illustrated in the case of Dome No. 1 (Fig. 6), which has" tension 


the lower part of the shell. The plane of _Tupture—an awkward name— 
—_ represents ' the level — which the dome has ring tension. Failure will occur 


at any point below plane of rupture unless there is a tension band pro- 


vided at that weet point. _ The spacing of the tension bands, therefore, 
_ should be close enough to enable the masonry to span from one band to the 


ei 


STRESS DIAGRAM odt 


“i 


Where a a dome is of great size and of extreme thinness the 
‘balanced live load should be studied—a- ‘subject which will I not be e attempted 
in this paper. _ Under ‘ordinary conditions, experiments seem to > show that 
whatever the stresses may be under partial load, they do not greatly exceed at 


od point those due to full load. heey ‘seems reasonable to state, ‘therefore, that 


all ordinary cases the ‘formulas her ‘given are be! 
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ExampLe—HicH Dome aquib 


To illustrate t the application of the foregoing equations, two examples w wi ill 


“be given from recent practice. Both are conoidal forms, one a high dome with a 


lantern, having tension in . the lower part: of the shell, and the other a flat eo, 
a 


_ with pure compression in the 


- Dome No. 1 (Fig. 6 (a) is is a typical State Capitol done with a heavy collar 


, of: masonry at the top, and inside this collar a lantern, separately « carried, after 


the fashion of ‘St. -Paul’s, London, England, by a conical | Anterior dome. “The 


stresses at various points are given in 1 Table 1 for the « exterior ron only; they 


Ww 
or, | p,in | Win (1 tan2 6) — 
lin feet.| pounds.| 1000 Ib. sec in + a to of profil | in pounds 
10 


400 — 8 100 
6 000 — 8 200 
6 000 — 8 000 

6 200 — 700 

400 — 7.200 

6 750 — 6 600 

050 — 5 500 
480 — 4 750 

8 450 — 8 800 
9 500 — 2 850 

650 — 1 800 
900 — 


18. | 810 | 9340 
od a 16.27) 


bis. 


‘ 


2. 
1. 
1. 
1 
0. 
0. 

* 
0. 
| 0. 
0. 
0. 


WH 


“4 


Fig. 6 (b), the values. of B show ‘able 1 ‘have: plotted, indi- 


wh 


cating the various stresses. > ‘At the t top th ring stress due to the collar load 


ot 340 000 lb.; = —— tan 6 = 108 000 lb. . compression ‘(Equation (6)). aids | a 


9 


_ At the springing, the 4 ring stress, by Equation (6), = 0, since tan 6 = 0. 
‘This means simply that this dome acts: as a vertical on a ‘cylindrical 
support. Its internal stress is a different matter: at the springing, 
900° Ib, which ‘is clearly consistent with its: values just ‘above this ‘point. 
re: the dome is cut by a vertical plane through the axis, the horizontal a 


forces acting across the section must total zero. ‘These forces are: The inte- 
grals of the ‘tension and compression. curve in Fig. 6 (b), about + 142 


and —%4, respectively ; and the ring compression | at, the top, — 108. 

Toes carry these : stresses; it is only 1 necessary : (a) to ensure that the masonry Rae 


ting the top will carry 108000 Ib.; and (b) to provide tension bands 

capable of carrying 145 142 000 ‘lb., distributed throughout the lower part of the 

dome in proportion to. the. stresses shown in Table These bands must. be 


for — ‘stretch as well as for unit stress, and with a factor 


ontal_ 
— 
4 
l, and 
gs or 
below 
nsion LABLE 1—Srresses In ConomaL No. 
occur — 
d pro- 
refore, 
to the 
7 | $0.6 810 | 1/899 
9 | 840 | 480 | 2 006 
4 85.1 | 480 | 2 881 
11 | 85.8 | 480 | 2 764 
| 86:4,| 480. | 8 155 
Toi} 
Be 
st of un 
ttempted 
that 
how | 
fore, that | a 
irposes of | 
80 beyone aper, which 1s the:mathematical part of the 
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It is possible to dispense with tension bands by using on the 


"outside of the » dome, or by thickening the lower part sufficiently to produce a 
a like effect. _ Obviously, ‘if the » tension part. of the dome was ‘replaced with a 


“cone iemeus at Point 6, ‘this cone would be subject only © to « compression. +) By 


ie a profile could be found between this cone and the given dome, along” 


the ring stress would be approximately Zero. This fact is of interest 

in monumental work in which there is an ‘objection to the use of metal. ties. 

> ee Sigs: Practical Design.—The thickness of a dome of this class may y be roughly | 
by several considerations. the top, the masonry ‘should have a mini- 
mum thickness of, say, 16 in. for stone-faced brick, 12 ‘in. for brick, 8 in. 


for Gustavino, or 6 in. for reinforced concrete. ‘stress in 
pression is” usually assumed to be low, not more than -half the ordinary 

stresses: (this “may Tequire more than the thickness previously given). The 


size of the dome may be such as to require a ‘greater thickness to avoid the 
appearance of flimsiness. — ‘When all these considerations have been met, and 


>| 
usual pate ey stresses for the material, the design may be considered to be 


Bs "satisfactory. For a dome of this . ‘shape, since the effect of live | load i is small 
= —perhaps 20% ible 


of the total stresses—it is permissible to allow for live and 


unbalanced loads by ‘keeping to a unit stress. 
a 


_ Dome No. 2 is a typical auditorium roof, with low rise and no 1 
: has no plane of rupture; the stresses are all compression. There will be 


tension rings, therefore, except that at the springing. 


‘The masonry is assumed to. be 18 in, thick at the springing, varying uni 


ali to 6 i in. at the ‘crown, ‘The area of the shell is about 19 500 sq. ft, 
er the total volume of masonry about 22 800 cu. ft. F our — sas be con- 


Total weight: Masonry, 22 800 cu. ft., at 120 Ib... = 2 730 000 


‘The weight | at Point (4), p= 180 +5 50 = 380 Ib. per sq. ft.; R= 108 
r= 72 ft.; tan = 0. 975; and sec @ 1.4 


22108 xi. — x 975 = =— 500 Ib. tt. of 
_ From Equati 


X14 = — ont 500 Tb. per ft. of circumference. 


100 00 5 5 000 Ib. 


— 


the thickness at the { top is fixed, : a somewhat greater thickness at the bottom 
s assumed, and the stresses” are calculated ; if they are less than half the | 
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_ From B and A, the masonry being 18 in. thick, the follow 


Ring compression == in, 


2 Meridional compression = = 53.5 lb. per sq. 


C, the stress in 1 the tension ‘ring is 575 


= 


anoitas xd. qu. {} 48 2928 


Q 


ot xf Linear 
to fer 0 5000 ~ 10000 Ib, gui 


73 Point (8). .—The volume of masonry | above Level (3) is about 4600 cu. ft., 
slit _ Weight: Masonry, 4 600 cu. ft. at 120 Ib.......... = 550000 Ib. 


Finish and live load, 5 900 sq. ft. at 50 Tb. = 295.0 000 


weight at Point (3), p= 125 + 50 = 175 Ib. per sq. ft. R= 108 


gid 


Papers. 
duce a 
, along 4 
nterest = 
will be 
ng unl 
sq. ft, i 
) 000 Ib. 
= 108 
profile. 
! 


9100. per ot pr 


Point —At this p point, the volume of ‘masonry, above is 


= 14000 Ib. 
Finish and live load, 2.000 sq at 50 = 10000 


= 


At Point (2), 106 and 66.5 5 f ft; = 1.7; sec = 8. r= 8 ft. 

before, using both values of R: 

69 —123X8X7.7 =—5 000 Ib. ‘per of profile. 


occurs: in the masonry. the is built, the circle, of radius 108 
lg we ft. » can extend some distance above Point (2) before going outside the the middle | 


“s hird of the shell. At : any rate, the formulas show that the stresses are small. : 
a Bh > Point (4), the stresses at the top, are given by Equations (14) and (15): 


R — 123 X 66. Whe: apriiging, verges 
4100 Ib. per ft. of circumference’ 


= § per sq. 


for a dome 6 in. thick, the ‘stress MAADAIG 2 


On Fig. the values of the stresses are plotted radially to show i in 
ae Seite the variations of the ring compression. _ The integral of this curve is, of 
course, equal to the stress in the tension ring, 575000 Ib. 
Theoretically, a dome of this 3 type may a minimum ‘thickness of ZeTO, 


method of ¢ aleulating the stresses to each it is 

ane. to state that by using working stresses in compression of not ‘more 
one- half the usual amounts ample safety is ‘secured. The usual 1 thickness at 
the top ’ varies from 3 in. for a 50-ft. dome to 6 in. bed? 150-ft. dome, for ‘tile, 
brick, « or concrete, without At springing, the thicknesses of 
domes, respectively, | and % in. for. a 98- a tile ae 


ar be assumed and the stresses calculated ; if the dome is very | flat, the werenses ; 
| 


xX 5.05 —175 x 43 X 2.05 = 
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paper, ‘there have. been developed the and 
‘meridional stresses in domes, and for the stress in a cylindrical support or a 


eylindrical lantern, at ‘the point of junction with the dome. _ MP 


Jaa The formulas for conoidal and pyramoidal domes are here repeated in 
full. It is assumed that the dome will be provided with sufficient: inétehevetinent 
to. hold the stress line to the profile selected, which may or may not lie in tle 
center of the masonry. The formulas apply only: to symmetrical loading, and 


‘disregard elastic: deformation and temperature stresses. 


Formulas.—Conoids. conoids the following formulas hold (positive 


| tension at level, x: 


Tension in top of a ‘supporting cylinder, or compression ‘ in betom of of a 
ylindotea) load, applied at the point, 


5 


at “a crown approaches the valu 


= ve, and the: | 
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and the x meridional stress approaches the v 
At the top o of a closed dome rounded at the the ind 
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ae Tension in top of a supporting prism, or compression in the bottom of a 


Bending in a horizontal element va fe high (fiber stress due to this is to 
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To Be PRESENTED AT THE Sprine Meetine OF THE , ATLANTA, Ga. 


aad, 4 


electric development is ‘is: Can e 


_ will command the market and a assure a suitable return on the total cost of the 


development? The answer to this question depends. on a multitude of factors: 
any one of which may be so unfavorable as to. require a negative answer to 


“These factors must be sub- divided, in order fully to cover the numerous 

questions which must be considered for a full analysis of a any project. This | 
has been attempted i in a fairly complete : manner in Appendices A, B, and C 
te Of the points discussed, the most are, ‘perhaps: 


1. —The difficulties a and expense involved 


source, and ‘fhe ‘Brice at the electric | power must 


~The ti streams, the 


a 
in determining average and of these variations, the 


irregularity in the ‘power supply from ‘such streams, the low: value 


the resulting irregular power supply, the necessity for auxiliary power to 
render the total power developed fir firm power, the economical point of develop- 
” 


Ba ment of such combined power, and the advantages of hydro- electric devel- 
opments by power companies having a business already established. q "ts a his 
_3.—The handicap to the economical development of an independent 


‘electric: project, due to the heavy cost of a somewhat speculative 


~The sources: of ‘expense to ind 


business, due to early Jack : of i income which necessitates deferred dividends ata i ; 
the payment of fixed d charges and, perhaps, of operating expenses 3 from other 


= 


and a method of estimating ‘the e financial operation : 
development. ate wow iB 


ot 
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nergy be supplied from the proposed develop- 
1 
the question or, 11 overigoaked to result in the failure of the project. 
— 
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pnd the expense of market 
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BOONOMICS OF HYDRO- “ELECTRIC DEVELOPMEN’ 


The necessity. for "accurate estimates of income and The 


provision for 
hazards a somewhat | excessive possible balance i in n favor of the 


The: first question « economies os involved in any hydro- 


_ The success of any hydro-electric « development depends on a the possibility of 


supplying: € energy in. such manner and at such a a price, that it w ill command a 7 
and | assure a fe fair return on the the development. ‘This prin- 


conerete case. favorable answer to o this ‘depends ‘on many - factors 
which may be classified a great variety of but — are herein con- 


sidered under the following headings: 


—On the acquisition of suitable legal rights. aveb 


n reasonably st suitable physical conditions. Miw 
dP oh 
economical and substantial construction. _ ral edt 


7.—On economical financing. sd etotest sead'l 
—On rapid and economical development of business. 


9.—On economical management, operation, and ‘maintenance. nod end 


accurate estimates of output and i income and of cost | of 


153 These will vary in importance with h possible Any 
one of them, however, may be so unfavorable as to be fatal to the economic 


_ success of any particular project. _ There will never be a development in which | 
all these factors are 80 favorable as to leave nothing: to be desired; Thence, 


- economic success will be assured only when the quantity of | power available and 
et the market are such as to provide for the expense of overcoming any and all 


low The attempt will be made in this paper - only to discuss each factor briefly = 


vital importance ¢ or have been most: commonly overlooked or 


ore 
ey 


The n necessity y of or legal under “rs Federal. or State laws 
to build : 


‘further mention. “Attention must be given t to the St 2 State water laws which differ 


a 


om The acquisition of yar a and d rights of way i is s always of importance. 
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4 
legal rights. and rights of way may be a troublesome and uncertain 
the expense of which is difficult: to determine accurately in advance. 


4 “the ‘storage ‘required may be ‘comparatively | small and the 
ace For a private development, no condemnation proceedings are possible in 
most States, and site, flowage, and rights of way may be purchased only if 


ow owners are willing to sell. In some States, even public utilities are not given 


_ condemnation rights or are given only | limited d rights; and when the necessary = 
.. properties are in unfriendly hands, exorbitant charges for property. sometimes 


e lead to a an excessive cost for | the project as a a whole. La nds | condemned often ion 4 


| is usually with the citizen and adverse to corporations. ait 
further point of importance, as a probable item of expense in many 

_ Serslouments i in settled parts of the e country, ' is the excess flowage land that may = | 
have to be acquired, or the damages, real or imaginary, that may have to be 


paid in connection with flowage. One. of the most ‘difficult problems to solve 
q with exactness is the height of back water, caused by a dam under the different _ om 
: conditions of stream flow, and the resulting limits of f flowage. _ Even when the aa 


can be determined with fair, accuracy, it is often impossible to estab- 


be raised. One successfully prosecuted sade of this kind may give rise to many — 


s. Frequently, the expense of purchase, damages, and litigation — 


erning - such lands becomes a considerable item. pty vader 


Commanp or Satisracrory Power Marker 


he difficulties of conditions and the price for power 
» vary. widely for different ae 

ment is a part of an operating system, the market 

been the price obtainable for power will. be 


4 certain, and all ‘market conditions known. However, when a new development _ re 


4 
a power, and especially where power is furnished from a central : ‘station operating 
profitably under» the conditions that | have previously existed, it often becomes — a 
exceedingly difficult. to induce the operating ‘company to buy and | distribute 


power from the hydro- electric plant at a price which will be equitable and 


profitable to the new development. | _ Almost uniformly 1 ‘the price that can be - : 


- obtained | under these conditions will be much below any estimated price for _ 


power that the hydro-electric interests are likely to anticipate. 
" When a market must be developed for a new hydro- electric plant, extended a 


examinations and investigation are necessary. . Is the demand for power suf- a 


ficient to warrant the development? Can a price ‘hor power be obtained that 


 mecessary | to equalize flow or to take care of the load factors, the acquisition, of 7 : 


to enter a market already ‘supplied, in part at least, by other forms of 
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territory ots “The determination of of the pr price at which power can be 


gold i is a more difficult problem. ‘The actual value of | power in any community | 


where ] power | isa necessity, is the cost of developing such power by the ‘means’ 

‘ ordinarily used, or which ordinarily would be used under the conditions i 
in the quantities “used, 0 or r to be used, i in the particular location. ‘4 is 
‘ean be sold, 
and such price can be obtained only the is practically 


_ by other sources. r The lower limit i is 3 the actual cost of the power to the hydro- sé 


company. e range in 


of 


‘power or as to large ‘users to its generation rather than to 


When the market i is already: supplied with power generated by fuel- ‘burning © 
plants, the sale ' price for hydro- electric power must be lower ‘than the cost of 


generated power, otherwise, users will continue to. generate their own 


Ra energy. With the developed market, the higher price previously referred to is 


80h high that, for commercial reasons, such a rate cannot obtain. | At this price, 


the: customers would p: pay a rate equal to the actual cost of power generated by . 
their own plant, and there would be no inducement for them to become — 
customers of the hydro- electric development. The e higher price is, therefore, 


electric 


tric 
by a 


development. Rarely, if ever, can a hydro-electric development obtain the 
higher return for its output. . Such a development, a as a . rule, must supply 

‘power toa market which is, partly a at least, ‘supplied with power from some 
other ‘source. e. Investments in "power-generating of some kind a 


br) ord = 


been made. ‘Fixed charges have been incurred, and, in order to introduce 
its product, the hydro- electric development must sell power below the ‘station 
cost of fuel- generated power, and not on the basis of fixed charges plus operat- A 


ing expenses of such plants, which has been the true measure of the actual 


oa of power to the date of its introduction n from the new source. Only | 


aie from the use ‘of such power, , from the commercial conditions that oil 7 


Where the market developed is entirely new, and where no fixed charges Ihave - 


mre 


entailed for previous power- --plant installation 1, can a hydro- electric develop-_ 


ment realize from the sale of power even a part of the fixed charges of a 


steam plant. Even under such conditions, a material reduction must be made, 


oo. order. to induce customers not ‘to install isolated plants of their ve for the — 


produ action of but to devel from 


For example, consider a ‘community of 30: 000 « or 40 000 


the ‘country. well planned | steam-electric plant working under the condi- 
tions which ordinarily obtain in such communities, can develop power at 


switehboatd for about 1.6 cents ‘per kw-hr. Of this amount, approximate y 


in 


. cent per kw- hr. i is fixed charge and 1 A: cents per kw- hr. is” opera g cost, st 
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impossible, for such rates would not encourage hydro-ele 
development. The public, including all consumers of power generated 
— 

‘Te 

— al 

d 

> 

ir 

Be 

— + 
q ie 

he 
a 
| 
q ga 
> 


aa < 


8 


4 


a 


that power can be delivered at the ata 

- of 0.6 cent per kw-hr. If a hydro- -electric o company sells its output to the 

_ steam-electric company, it will be found that the fixed charges, maintenance, 7 
and some of the operating expenses on the steam plant, will continue, as the 


steam plant must be maintained ready for almost instant use, in case of a 


et 


= the transmission line, in order to assure the service to \ which the community — 
is entitled. There i is no immediate economy to the steam- electric company in 


prions company, and he lower price would seldom be attractive to. the. 
_hydro- electric company | and might involve a direct | loss, city of total 


of 

is the steam- electric company, the steam plant may be ntilized as an aor oll 
J to the. water power, and the whole value of ‘the output utilized by. the com- 


bined. ts. This combination is usually the only way in 1 which a a larger 
net profit can be obtained from a _ water-power development. — The best ‘results: 


ean be obtained only by. combination with an industry or market already — 


developed i in which the power can be utilized at its true market value. 


In considering the influence of the market, it should also be noted that the © 
é sedi factor, on which power must be s sold, ‘is an important. element i in 1 the cost 7 
hydro-electric development. 
of 100%, which i is seldom possible, j involves a minimum of expense in machine 


BLY 


_.|,Physical conditions at the dam and power-house sites are sometimes easily 
determined, but adequate | examination frequently entails considerable delay 


and expense, _ At the preliminary inception of a ‘projéct, it be exceedingly 


Fete erat may be delayed until other conditions seem to demand ee 


_ immediate and favorable | action, and the project is launched - without a -com- 
plete and satisfactory physical examination having been made. ‘If unfavorable 


conditions, not. readily foreseen, develop during construction, the results may 
be disastrous, if not financially f fatal. nits parle: if} 


be The physical conditions. at the site of the dam, the station, and _appurte- 


nances are. among the most important factors affecting. the cost of 


tion. A poor foundation may prove fatal to the success of the > project, as in a 


the case xe of the. municipal. plant at Austin, | Tex., . or may involve a large apd (a 
burdensome expense as, for example, the Hales Bar development on. the os 3 
Tennessee River. | and detailed examination. Prior. to construction 
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_ the purchase of water-generated power unless 1t can be purchased at less than a q 
i the operating cost of steam power. Consequently, to effect a sale, the a _ 
= | q power must be sold at 0.7 to 1 cent per kw-hr., delivered at the customer’sswitch- = 
‘ 
4 
— 
— 
a 
4 q 
y 
kee 
| 
Ow 
_and greatly increases the cost of the power-house, and a load factor of 8334 or 
= | e machine installatior 4 
nd 
3 
‘at- 
ia j 
ual 
nly Tox 
ave 
op- 
the 
ide, 
the 
\ 
‘= 
if 


in in or the ‘of the project. 
The works must be designed to fit and to develop the physical « conditions to the 1 


aes best advantage, and the physical conditions must be studied with regard to ‘the | 


7S Where ccieie -electric plants are entitled to take a limited water supply from — 


great rivers, the conditions of stream flow ‘may be. definite and well established. 


= the development of any ordinary stream to the | point of maximum economy, — 
_ the great variations of flow which normally occur become important matters. 


These variations in ‘stream flow, the consequent variations in head, and) the 


eats - resulting possible power output, must be considered with reference to market 


Although there are some notable exceptions, ‘the ‘market i in general requires 


cond per Square Mile 


eet per Se 


“fh the continuous: delivery of power. The annual load will vary somewhat due 
oe to | the’ season. Some loads are less in the winter and greater in the summer; | 
others are greater in winter and less in summer and some are subject 
hourly, daily, « or to > seasonal variations, - These loads vary somewhat from year 
to year, , usually i increasing in growing communities, and fluctuating according 


commercial activities; but the general form of load remains quite the 


a 


a. 


Discharge in Cubie F. 


in character for a given community. __ doid: dy, at hs 
water power which can be developed from a given streani is also ‘sub- 


Geet to « considerable variation, due to the character of the stream and the 


conditions peculiar to ) each particular drainage a area. Usually, there 


vegetation, low water, in streams, the freezing of the 
sources commonly ‘Tesults | in even lower water during J January ¢ and February. 


Int addition to these variations, ‘the years differ Occasionally, there 


ue No one unfamiliar with hydrological studies will’ ‘realize the great ‘varia- 


we: rin ato jing bits 


hydrological studies with pl output: can be’ ‘made to 


int greater advantage by platting the data i in the form of duration curves, which 

: will show the duration of each intensity of flow for | each y year without 7 refer- 
A ence to date of occurrence (Fig. 2). From all the data available, for the period | 
average duration curve ean be ‘platted (Fig: 
which the average ‘quantities of power that could have been’ developed from 
ole the stream during the period of record can be determined. ‘From a study of 


Fig. the flow i in cubic feet per second per ‘square mile of drainege 


w (1919) power would have been!’ available’ on the 
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_BOOMOMICS OF HYDRO-ELECTRIC DEVELOPMENT 


a mile; during the lowest year (1923) t to 0. 3 sec-ft. :dasion a the average = 
to 0.35 sec- and ‘during the highest year to 0.51 ‘see- ft... In general, there- 
fore, the hydro- -electric development is confronted with the. ditions of a 


"superabundance of power at certain seas seasons and for r certain years, and with 
deficiency of power at other seasons and for “other i These conditions 


must be met in one of the following ways: LAT a 


>» 


th as 


_Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
OF YEARS OF MAXIMUM AND MINIMUM — 


a First. —By ‘the development | of the stream only to a minimum flow. In - 
"general, this will entail | 80 great, an expense: for such a small amount of power — 
output a as to render any project ‘based on such a flow entirely uneconomica 
Second—By the | sale of firm or primary power ‘to certain customers, 


of ‘surplus or secondary power to other customers who can use power when a it is is 

- available, or who can utilize their own power plants or other sources of power | 


during periods when power from the hydro-electric plant is deficient. 


- Third. —By the establishment of fuel- -burning auxiliary stations from which q 


wit be available whenever a water shortage occurs. _By this method, the 


power from a hydro- electric development ean be made firm power under alll 
‘conditions of of river flow for which the development i isdesigned. ¥ 


- 


Pourth—By the construction of reservoirs to store the flood-waters for = 
use during | periods of low v flow, thus o often substantially i increasing the e minimum 5: 

oe Fifth. —By interconnecting hydro- electric plants on streams with low water 

occurring at different : seasons of the year. ods a 

Siath. 

* 


and fifth items, 


My 


s all, can command a low: price, whereas firm power is ‘uniformly of much 
‘greater: value. ‘example, for many years the grinding of pulpwood has 
‘heen considered one of the ways of using surplus power to advantage. During © on 
- the season of high w water, an excess of pulp i is manufactured, lapped, and stored Be 


use during. low process requires the product. to be Pressed 
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dry, stored, and beaten, when used for paper- -making, involving an “expense for 
lapping, handling, storing, deterioration in 1 storage, re- -handling, and beating, 


which amounts to $5 to ) $7 per ton. Therefore, even if surplus | power for 
- grinding | can. be obtained as low as 0. 35 cent” t per | kw- -hr., the | ‘paper-n -mill can 
“s often better afford ‘to pay. from 0.7 15 5 to 0. 95 cent per Aw-hr. hr. for firm power for 
grinding the pulp as it is needed, it to the p: paper machines without 


The method of developing water power in excess of the minimum 
although uneconomical, as entailing a low pr price for much of the p power output, 


has yet been found practical for some independent plants. 


ae The construction of auxiliary plants involves a large additional expense, 
bat materially i increases the value of the hydro- electric output. Which of the 
_ methods of | development Just | outlined will be best for an independent hips. 
- electric development i is a question of character of market and price for power 


that must be determined for each pa particular 
4 The study of the hydrology of the stream is of vital importance in every 


case, and i in many it is the most ‘difficult 1 to analyze of all the economic ae 


tors involved. These difficulties arise from: 
1.— The lack of data on the ‘stream, and at 
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_ development. 


»—The inaccuracy of 


of knowledge as to whether data available even n when 
| 


Ss. Geological Survey, it often happens that data | are not available for the 


Be: HOY Wan OM 
articular stream studied they are still _less frequently available at the 


site of a proposed Even if information for a “period 
of is available, of stream- ‘remains to deter- 
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2 
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of the record a given years flow. to 
be expected during the life of the development. 
+ Bes cae flow records for the site are not available, the data for other sites 
be used as a basis for an estimate at the site under consideration. 
are available f for the stream, a from other neighboring streams 
be used. ‘The transfer of data or the determination of the flow of « ‘one up 
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wert 


This variation | in streams is illustrated | 
the 


a 


“This the maximum in average | 


Stream flow from the means of certain fairly extended records, and the more 
‘inent data, for the of water kag variations from 
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e. shown in Fig. 2 might 1 vary approximately - + 18% on the basis of the Merri- 


mack River, + 35% on basis of the Croton River, -+ 13% on the basis 


of the ‘Tennessee River, 8% on the basis of the Columbia River, and 
; 
a 40% « on the basis of the Colorado River of cm according t to the location ea 


Comparative studies of rainfall for the years during and ‘previous to the 
a oe 


years of stream- flow 1 record will ‘often indicate with considerable accuracy 
‘& possibility of great variation from the recorded average flow of any stream. 


Owing Jack of "space, discussion of hydrology be confined to 
attention to the 


invoh ved 
correct, conclusions the data usually available. 


After ‘a duration curve is established, that is believed | fairly to represent 
the: future a average flow. of the stream, economical point of development 


vi 


ean be determined approximately by a method devised by F. ‘Ee Tamesure, 


‘Am. Soc. ©. E. This analysis is shown in Appendix D. 
5.—THE PROPER oF THE Works INVOLVED (pes 
> As this” factor cannot adequately be. discussed in a a paper of reasonable 


dength, only a few ‘important points will, be mentioned ; but other points are 
noted in the more complete outline of Appendix A. The factors outlined 


a 
“4 in the beginning « of this paper of necessity overlap to a certain extent; under > 
the heading, _ “Reasonably “Suitable ‘Physical | Conditions” ”, the question of a 
already been briefly considered. This question af 
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judicious selection as well as physical condition, as conditions sometimes vary 4 
reatly, within comparatively narrow geographical limits. 


Gert 


is of great economic importance 


that structures shall be "designed tb 


= 


greatly exceed those recorded, even. in time records, of maximum stream 
flow. To illustrate this point, reference may be made to Fig. 4, which shows — 


view of the reservoir and dam of’ the Oklahoma City Water- Works. 
‘ flood of about 133 000 «< cu. ft. ‘per sec. washed around the end of this dam a 
during | October, 1923. "The dam and flood-control works, which have a drain-— 


age area of 12 000 sq. “miles tributary to them, ‘were designed to pass about at 7 
18000 cu. ft. “per sec. This was much in excess of any ‘recorded flow, 


records | being very limited. A study of the hydrology’ of the stream leads to ce 


the” conclusion that no flood equal to that of October, 1928, has occurred in 


fifty years, but that even a greater flood must be ‘expected. edd 
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“RY 


17 


a 


a be In | the provision - for floods, a point of much economic importance should 4 
‘noted. If excessive floods are provided for by an overflow spillway, flowage 
lands to a considerable height ‘above the crest of the dam must be 
to be utilized only during floods. 
“utilized ‘to increase the operating. head and bythe use of. gates in 
the dam instead of an open ‘spillway. These gates will keep the head- — 
ata: ‘maximum elevation during g low water and provide high discharge — 


2 3 
i 
i 
= 
— 
4 
* 
of 
q 
| 
a My 
| Fe 
| 
( 


"ECONOMICS HYDRO- BLEC’ TRIC DEVEL OPMENT 


The provision of pondage so ‘that, days. of | average flow, water may 
be stored during periods of low power consumption and used during the peak : 
ae demand without too great a reduction in head, is another important ¢ a 
4] problem, especially with a low load factor. a" Ing eneral, ‘it / may be s stated = 
plants should be designed with | the human equation always mind. As 


as possible, arrangement should be such that the right thing is the 


‘designed t to obtain “maximum over range of 
rather. than at the maximum load. Often 2 or 3% in over- ‘efficiencies 


to ) more in the aggregate interest and depreciation on the entire 
cost of machinery. There i isa tendency at present to sacrifice turbine efficiency 
= for high- speed generators in order to keep down the initial 1 cost of ‘on 
hg 


This may not be warranted when capital costs, operating conditions, and the 


de It i is evident that the previous discussion touches only. tow of the points 


whieh 1 anust be considered in the « ‘economical design ‘of, -electric develop- 


reat 


by a 1 complete knowledge of “the actual conditions » Any doubt concerning © 
the contingencies of construction will add to the contractor’ 8 estimate of cost 


and, if the work is done by day labor, will make the. question of construction 
equipment doubtful, and is likely to entail expensive delays. pola the con- 
struction hydro- electric plants, adjustments must “continually 


between reasonable: security ‘and unnecessary expense, and few criteria are 

outside extensive and broad experience. Safety. and economy are 
val 


Uneconomical | financing has be been. one. of the greatest handicaps in the 


at a lene, term years, ha ve been in the 


wy It is comparatively, easy for an operating. industry _ that is showing fair a 


returns on. the investment, 1 to obtain, the. money necessary for reasonable 
or for its current business. The cost of ‘financing a corporation the 
= property and business of of which are both a question of future aeralapment and 
cessarily somewhat speculative is more expensive. 


| 
— at 
| 
= 
| 
 &§ reduced. With this principle in; mind, automatic, semi-automatic, and | 
remote controlled stations must be mentioned. = = 
= __. Efficiency in operation is also of much importance. High efficiency is . 
q 
a 
| 
| 
| 
| 
q 
| 
been financed at low rates of interest only by such heavy discounts on 
7 Fs, the securities that the interest charges have absorbed most of the income in we. 
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the common stock will be: attractive, bere 
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4 ean seldom obtain from its own stockholders. the necessary o.com: 
ve plete its project unless a market at a known price is assured, and then, only  *. 


the project small and high returns are believed to 


Tf the cost of development is several million dollars » the financing of a 


project is possible only through agency of investment companies. Before a 


purchasing such s securities, reputable companies will require the project to —_ 
examined by men of the highest ability and long experience, who will pass 
the technical features of the construction, the expense involved, the 
market available, the legal features, and the probability of complete. commer- 
success. Such companies will not assist project of this kind 
returns both for themselves and for their clients. ot 
_ ‘Many: regulatory bodies have found it to be to the best interest of both — 
the investing public and the stockholders of a project to limit the bonded 
indebtedness to about of the cost, and to raise the remaining 25% by 


the sale of junior securities, usually in the form of preferred. and — 


q stock. The sale of the preferred stock provides the necessary margin of e “a 


enterprise, The writer believes: that the greatest. economy in financing will 


back of the bonds, | and also makes the employees and the public partners in = | 


obtain if the bond issue is limited to about 50% of the capital cost. 
The. preceding method of financing, although different from that used in 
“many of the ¢ earlier projects before State regulation was in force, i is sound and 


will be the most economical for the industry in the long ‘run. a7 Tf, as can 
reasonably be expected of an sound project, the: rates ar are sufficient 
“to yield a net return of 8% Jo On the actual cost of the "property, the profits 


—Rarw AND Economica Dev or Business 


The high « cost of the development of a new business i is rarely appreciated. 


Cost. of property and construction is obvious usually will be reasonably 
provided | for in the estimates. it should be equally obvious that. time and 
. expense will also be required to ‘create an independent business after the « con- 
= struction of the plant. i is ‘completed _and before a market can be dev eloped. —_ 
When the plant and equipment are first ready for operation, the business 
the plant is, in general, only partly, if at all, ‘developed. It is yet to. be 


demonstrated whether the project was advised,. designed, prop- 
erly, LF: aults- must be corrected, weaknesses remedied, ‘machinery adjusted, 
staff trained, and a ‘business established. ‘The plant. must operate, even at 


“los, if ‘it is to fulfill the functions for which it was built. During this period, Re 
its income is commonly insufficient ‘to. meet. the operating expenses, fixed 


charges, and fair returns. In order to ‘create a business ‘that will produce 
income sufficient to meet the legitimate e expenses and a fair return, will require — 


‘time, and | involve. direct expense and losses in meeting extraordinary. expenses 
as well ; as necessary fixed and operating costs,, and ‘a temporary absence of 2 


in the development o of business are among 
ors engineering advice will 


siti: 
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< anticipate the of. construction will’ est 

costs of construction and operation. Even’ experience, however, ean but 
poorly forecast t the 1 local idiosyncrasies on which the development of | a business 


— unless a similar business | has already been built up in the com- 


are in higher: rates ‘demanded for bonds, preferred stock 
fon forms of securities. After the business has been ‘developed, when ‘the 
confidence at once improves the financial of the venture, 
Roneterae: its ability to finance extensions or to re- -finance its loan on a lower q 
basis, makes it a more conservative investment, and i increases its value. 
The history of any business development will substantiate these state- 
As an example may be cited 2 a ‘modest -hydro- electric development i in 
the Middle West in which real money was invested in both common and pre- 
x stock, and the cost of financing was, therefore, moderate. The bonded — 
; oe debt of this co company was less than | half the total ‘investment, and th the preferred — 
stock i issue was about half that of the « common. This company ‘completed its 
Fc ‘ end about 1912 and was obliged, in financing, to sell its bonds on about a 
= % basis and its preferred stock on an 8% basis. - By 1916, it had passed — 
the development ‘period, which- cost its stockholders. in expense and deferred 
income more than 15% of its total capital cost. In re-financing the project — 
during 1916, in order to provide for plant ‘extension, the company was able 
to retire its old securities and place its ‘bonds and preferred stock at 
1%, respectively. This improvement in financial conditions immediately 1 
: increased the value of the common stock by an amount gréater than the 
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‘order to illustrate the principles involved ‘and the that 
be used in the study of a problem of this kind, a brief summary of the finan- 


value, tar different condition obtains. The property will then have proved 


cial aspect of a a hydro- electric development proposed in one of the “Western 


The cost of the hydro- development was estimated at $9 103 000, 
with $7 044 000 additional for ‘the transmission | system, making a total of 
147000 for the entire installation. the State was contemplating the 

¢ development of this project, and the bonds would ‘be an “obligation of 

‘State, the interest on the capital to be invested would not exceed per cent. 

rove 


a On this basis, the actual cost of “power, 1 regardless of the total o output Zz 
ere ated and sold, was estimated at $1412 bene 0. The total annual ov utput of 


“main ‘of this plant to further ‘dev yelopm 


of the State, it was proposed ‘to ‘sell the output at a price as low as possible, a 
which was estimated at 1.87 cents per kw-hr. The generating ‘costs in the ; 
various municipalities of the State varied from 1 cent to 15 cents per kw-br., 
on account of the high cost. of fuel. Tt was assumed that, within the first 


: _ year after the ‘construction of the plant and transmission. line, a tot 
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, pay interest and operating expenses, and the deficit would amount to $407 500 4 
a 


the 
the 
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30.000 000 kw-hr. per annum could be obtained, and that the annual growth | 
would. be. 10 per cent, | The sale of 30 000 000 kw- hr. - per annum on the basis = 
of an average selling price of 1.87 cents per kw-hr. would be insufficient — § 
* for the first year. With a 10% annual growth i in the market, the deficit would 
decrease each year until the sale of power reached an annual amount of = 
53 000 000 kw-hr., the loss" would | cease, and ter a profit, above 
Brey and operating charges, would result. _ Table 2 shows in detail the 
estimated annual loss and gain, considering only interest and operation costs, 


with the (10% annual growth as estimated. From this table. it will be noted 


that, if the plant had started with an annual output of 80 000 000 kw-hr. int 


— 1919, and the output had increased uniformly at an annual rate of 10%, by 


1924 the total loss (not considering interest on the deficit) would have 


7 amounted to $1486 400, and that if interest on ‘the losses were included, the 


_ total loss would have amounted (in 1925) to $1 812 168, ‘not including g deprecia- 
tion. if depreciation is on the line basis (of 100% 


= the cost of the orto This nade the cost of developing the art 


‘ond is a part of what is. ordinarily termed development « expense. oe his is com- | 
‘monly, represented by lost. dividends ina privately owned. plant and i 


reases- 
‘until the. earnings reach a normal dividend- -paying basis. ta 
TABLE 2. 2. DEVELOPMENT EXPENsE BASED ON POSSIBLE INTEREST Losses 
Dunina EArLy YEARS OF OPERATION; INCLUDING Cost OF ENTIRE 


Output in Cost of of cost "ted loss, | ted profit, 

Year. power, jsale price.) and sale Loss. including | including 
in cents. | in cents. | price, in ope % interest|5% interest 


fe 


$ 407 500 
780 875 
419 


| 
| 


S23 


‘| 


the ‘State, plant, a profit: (ab 


“shown, for 1925, which increases annually until capacity of the 
teached i in 1931, after which the annual» profit would remain essentially 
‘stationary unless the sale price i is changed. Tare 
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000, 192 288 500 1 889 440 
| $26 600 1 812 168 | 
| 122799] 1 780 075 
1987 | 981 500 | 1 687 580 
198! | 695000 | | 
2 $1 486 400 | $2 
Profit without | 1047900 | .......... | $800 
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expenses) exceeds: the losses by about $1 048 000, although if 


300 000, would be increased thereafter at ‘rate of $675 000 


dential 


er — until 2 


year 


if the total income above ‘interest and ‘operating expenses was 


applied to paying ‘off the bonds, the capital cost would be paid at the 
of the twenty-ninth | year. For the remainder of the useful life of the | 
plant, the savings above operating ‘expense, interest, and_ depreciation ‘would 
accumulate to (without interest on accumulation) $13 266 000. Fig. shows 
the theoretical financial operation of a contemplated hydro- electric ‘develop: 


ment, giving estimated annual income, operating expenses, interest 
depreciation, with all moneys applied to retirement of bonds until paid id and 


ment of bonds, and net earnings before v 100% 
_ on the annual financial showing of Fig. 5. It is evident that the depreciation f 


a used in this example is much too great and that the funds would not be used — 
outlined. Part of the funds would be » expended in “maintenance and re- 


placements. ' The bonds would run for a greater length of time, and the plant, d 


if properly constructed , operated, and ‘maintained, would still be in a e 
operating at the end of thirty-eight years. tha 
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im 
q 
| 
‘applied to the liquidation of the capital cost. ean 
The calculations for the following years are shown in ' 
4 ca interest losses would be recovered by the end of the thirteent: é 
4 
4 
Bis 
ie development, |. 
— theoretical financial operation of a contemplated hydro-electric development, 
‘ 
if 4 
q 
ithe: 
me | | | 449 802 | 
48 497 582 «626.199 | 13.893 711 | 900. 
— = 45 864 896 | 759 494 12 508 700 
14-764 800. 
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A examination of Table 3 show ‘that ‘if the market could be = 


meet the interest ‘and ‘operating expenses and would be ‘sufficient by 19 1929 
| meet the annual depreciation charges : as well. “4 


ay 
Annual Sums i in in Thousands of Dollars 


1500 


— A SSS 
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may 


due to inability to effect sufficient sales” of 7] eid, to financial panic, or 
other causes, might involve a continuing ‘Toss for some years. This is a risk 


which the development of such a market naturally entails and which cannot 

evident, therefore, that the success of: contemplated development 


depends not ‘only on the’ of installation, but also on the growth 


of a power market. is not assumed that this ‘owing 


principles and ‘correctly a 


ers; 
ain 
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The 1300 1400 
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«Of safety. to take. care of 
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$17 860 000} —|— Loa 63.000000kw.hr, 


MVS 


Life of | based 


onthe Depreciation 


~ One of the | weaknesses of all investments, especially those i in common al 


= 


in corporations of considerable size, is , due to ‘the fact that majority stock- 

y holders may mismanage a property and operate it improperly and extravagantly _ 

they can be checked by legal proceedings, and even in such an m-evpnt 
legal relief is inadequate t to. protect ‘minority ‘interests. It is this fact that 

akes stock investments in anything except an business -exceed- q 
ingly, hazardous unless the stock purchased will be controlled by friendly 


majority interests. Influential stockholders occupying official positions are 


--and duties, and then operate industries for the benefit of themselves and their 4 

eles: ‘ The legal right i is often mistaken for the moral right | to ) obtain 1 unjust 

returns to the detriment of the ‘minority stockholders. It is unnecessary to 
ahi discuss these factors at length. - Honest and economical ‘management is highly 


q ‘essential to the success of project. wa of 


7 ght The operators of a plant should be well trained and experienced, adequate 


in number, but limited by the best interests of the plant. _ Attention should be 


given _ to every p possible source waste, and maintenance must receive ade- 
quate attention. These matters can result only from honest, intelligent and 
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, which iss sometimes a ‘considerable hazard in new 


- _ The economic expediency of any hydro-electric development. will be justified rf 


by a favorable balance between the annual income from the power sold, on the 


hand, the annual expenditures for fixed charges. operating 


expenses on the other. Appendices B C.) | har 
¢ 


4 Po: ower Price = An- “(4A 


= 


[9 
that this balance will 


. favorable should be obtained from accurate estimates of power output and 

income, and of promotion, financing, construction, depreciation, 

development of market, management, operation, and maintenance. Such 
estimates depend o on correct and. complete analyses of each of the factors here- : 
= discussed, and should include allowance for contingent expense propor- 

4 tional to the hazards involved. Optimism on the » one hand and pessimism | 

the other must be eliminated and replaced by thorough hind 

The development of a hydro- -electric project is not ‘easy 1 n 

surely capitalizing waste energy of streams and “profiting from the 

turns. It involves man 

or neglect to and determine ‘the inifluende 
of any ‘one of the ‘factors. previously discussed, create. serious hazards 

venture, and has resulted in failures more or less complete. 


_ In the past there has been an idea i in the minds of the public; which | has. ad 


been shared by many investors and by many engineers, that as undeveloped _ ae 


water power is energy ¢ going to waste, the development of such power must 
- result in large and profitable returns. On this hypothesis, and with little Ey 
or no additional consideration, some hydro- electric projects have been conceived, 


_ designed, and constructed, and have resulted either in utter failure or in only” 
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inereasing demand for power, coupled with. the popular | conception that water 
pene were always exceedingly profitable, and that by means of such develop- — 
ments the waste energy 01 of a stream | could adv antageously be turned into divi- 


dends, investors eagerly - sought hydro- electric investments . The results cmt | 
not always been satisfactory, and a considerable number of large and small 


developments might be cited, which have resulted in serious financial « catas-_ 
and failures to the original investors in the enterprises. ‘Bite 


‘Foreclosures and ‘gales of water- -power properties have been only too com- 
mon and, at there are some developments operating under. conditions 


which barely y permit of their survival. In ‘one case within the State of Wis- 
‘eonsin, after foreclosure, the investors in the bonds of a water- power company _ 


‘realized | less than 5% of their par ‘value. In another ease, the ‘plant was definitely a 


abandoned and dismantled (see Fig. 7). is evident that such projects were 
ill-advised and should never have been undertaken ¢ or, if attempted, undertaken © 


2 on a more conservative basis. In: many of the failures which might be cited, it 7 


evident that most t of the difficulties i in “which hydro-c electric developments 

have been involved, have been of foresight, as to. the factors 


necessarily involve ed in a successful development, or to lack of a ‘thorough — 


Fy rt 


"investigation -and determination of the character f these factors and their 


influence on the pr project. te Most if not all these se failures: could 1 probably have 


MYA 


been avoided by intelligent and thorough inyestigation which would have S| 
either to the sbandonment of the project or to a more conservative atl y 


quire Unless this is by 


re 
the designer, and liberally allowed for, the estimate of cost will always be 
inadequate to complete the project. te to. hare 
hazards of construction increase with the difficulties. When struc-_ 
ture is built i in and aernas: a river, the work of.co nstruction is s subject to verte 
cost of foundation which 

a ‘require careful investig ation, and of flood which experience has shown to be 
very important. _ The investment is not easily determined, and the, ultimate 
cost is sometimes greater deem “possible, 

a  Inar recent large water-power development which was under advisement | 


for a number of years, anf which was supposed to t be e thoroughly ‘considered 


and carefully planned both | as to its, design and thie 


the: cost of the finished structures. 
another case, with which less care was. used, ‘on acount of the belief i in 
"great. profits. from hydro- -electric developments, the cost of the complete devel 


opment was ‘more than three times. the original estimated eost; and since its: 
foreclosure and sale, the plant has not been found to be a profitable: invest- 


a ment, even on the basis of the purchase price, which » was 20% of. its actual 


te The unexpected extra costs of such developments d due. to » unforeseen delays 
The interest on bonds must be met semi- -annually or am 
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flood (the that had on river within ‘the 


limited period o of record) not only caused a a large loss to ‘the work "under 


struction, but was followe« 
_ the year following, so that not more than ninety working days 9 were avai 
i within the year. In thes same project, an ice jam in the spring carried away 


the and falseworks. These misfortunes caused a delay of more than a 


ids of dollars. 


to. nat hazards obtain more in all dulaie: of hydraulic work than in almost — 


- any other kind of development, except mining. Although care and experience _ 


4 liberal | ‘estimates 80 a s to provide for contingencies that are likely to oceur, 


Le 
still the contingencies exist and the necessary investment, in the | future. asin 
the past, | will frequently be under- estimated. - The costs of construction will 


‘often require greater investments than the optimistic ‘promoters will think 


possible, « even when ‘money is judiciously and cautiously. expended. 


- Even after a development is completed, all contingencies are not removed. 


Not many years ago, a flood in one of the rivers of f Wisconsin | caused a loss a 

of several hundred thousand dollars to ‘single development. This loss 


resulted from an extraordinary. and uncommon, condition. ‘The gates of the 
> "plant were clogged by an ‘unexpected rush of logs, aceidentally released from 


O 


4 the boom that confined ‘them. The flood- waters, unable to ‘pass ‘the gates, cut a 


“their way around the s structure, made 1 necessary a large expense for new con-— 
struction, and put the plant out of service for more than a year. 


another plant development, a dam was ‘seriously injured, and the plant. was 
of service for more than a year, because of a flood resulting from the destruc- ee 


tion of another dam up stream. The he injured ¢ dam possessed sufficient strength 


and flood capacity for all contingencies of ‘normal flow that were likely to ate 
Ios 
-_oceur, yet the destruction of another structure and the release of — 
of acre-feet of water at the > peak ofa maximum flood, resulted i in large Renee 
reconstruction and in serious loss of service, 
." Losses through defective ‘designs : are common. | In a Western plant about 


a to be started, { the whole foundation was washed from under the dam, ne 


; with hydro- electric projects will result i in ‘more careful investigation and more 


~ the structure suspended from. the rock walls of the narrow canyon. This loss _ 


was due. to the defective design which could easily have been corrected, but i it 


= cost the company many thousands" of dollars and delay of a year in beginning 


operations. Numerous instances could be given in which “either” 
Willy 


- mental defects or extraordinary conditions have destroyed or seriously injured — 
‘and hydro- -electric plants and caused serious losses 1 to their owners. 


Knowledge of the possible : activities of natural forces is limited; the effect of 


| combination of the known and unknown can never 
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in estimates | in proportion to ‘the hazards involv. 
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In estimating power, ‘income, and costs in hydro- electric developments, it is is 


ra _ evident, therefore, that a thorough study of each factor is essential to a cor. 


Before closing it seems pertinent to. discuss: briefly still | broader field of 


economics of hydro- electric | developments; that is, the relation of such 
development: to the public, the ‘State, and the Nation. Much has been publicly 
- said and written adverse to the development of these powers | by private inter-_ 
ests and favorable to State or Federal ownership. and development. In the 
- first place, the great value of the n majority of the water powers of the Nation — 
is only. than of these powers could not profitably be 


‘Their entails extensive developments | in 


pig in opportunity, in population, and i in the value. of taxable property. 
yes ‘The hese ; powers d decrease the, demand for coal from 5 to 10 tons per annum ‘per 
‘ex i horse- “power developed, | which i is equivalent | to a saving » of from one-sixth to one- - 


‘third of a carload_ of ‘coal per annum per horse- -power. transporting 
can then be devoted to the service of an equivalent amount of man- 


-ufactured or agricultural products. development of these powers entails an 


~ equivalent development in 1 industry and an equivalent satisfaction of some 
service or r convenience t to the people of the Nation. % The State i in which they ax are 


developed generally receives in taxes about 2 2% « of the cost of the development 
_ per annum which, within the limits of a Federal franchise, amounts to as much — 


8 the capital cost of the development, and t the indirect i income from industrial | 


development will be fully equal a ‘and “probably greater. The b it to 
Jation, the State, and the community i is such that, regardless of the trend of | 


uture ownership, the benefits derived by the public warrant reasonable 


encouragement by the State and F ederal Governments. 
. Although these developments are directly undertaken for the possible profits. 


be derived from their | construction and operation, the public receives, 


general, | no less benefit from their development than the corporations ‘which | 
develop them; and, in some cases, it can be shown that within ten years of 


{J 
a the constru ction of such developments, their customers have received in reduced — 


power charges: more than the capital costs of the entire development. — Direct | 


- ‘Denefit to the people is assured from the very nature of the ‘commercial condi- | 


tions of the sale ¢ of ‘po even under 


is tr ue that ‘the often anticipates greater ‘saving _ through - 


reduetion than commonly is possible. Distribution is “commonly. about. 60% 
a. more of the cost of delivered electric power, | therefore, any “cheapening in 


ss power generation will ; not effect more than 40% of the « cost to the consumer. dys 


In supplying power to rural lines, the distribution cost is commonly ‘more 
a than 90% of the total cost; and even if the power cost ‘nothing to generate, the 


= cost of power from such ines will necessarily be high, compared with oF 
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may be stated ews popular and ‘concep: 


“power developments is often 
erroneous. mere interconnection “of plants_may itself effect 


“economies or in any way warr ant a in “power rates. intercon- 


wee is may be, and actually are , warranted i in certain eases, and frequently — 


greater security and stability in the power ‘supply of any comgonnity 
“4 by affo rding a an additional source of. supply in case of local accident , or even — 


due to local low-water conditions, and, broadly speaking, ‘such interconnection | ig 
may bring about certain economies that may ultimately result in rate reduc- 
tion. Such connections, however, cannot produce radical reduction in rates, 


or bring to small customers on rural lines the advantage of the energy rates of 


large customers, as is sometimes apparently anticipated. 
__ Those who are developing the resources of the Nation under reasonable con- 


blades of grass to grow where 0 one grew w before i is no | Tess. worthy of credit 
“if he gar garners his harvest and sells it for his own profit. * 


The success of hydro- will on the folowing 


gsi 3 lh 
1.—The acquisition of suitable | legal rights: # 


) To a franchise or legal right to build and operate. 
To the water supply. 
(c) To the ‘site for dam and power s station. 


To. the flowage, including and storage. 


—The command of a satisfactory market: 


) #20 (b) Of sufficient size to utilize a large proportion of the power. / 


bas (ce) Of a character to permit of an economic development (high 


(d) At-a price sufficient to warrant the investment. 
Of a stability that will warrant a permanent or definitely 


limited investment in real estate, water right, plant, trans- , 


it nog py Reasonably free from likelihood of damaging competition. 

suitable physical (topographical and geological) cor con- 

“@ For dam and ‘sites. for construction | 

ae OR development and maintenance of a suitable head. 


ti 
(¢) For stable and permanent structures, at r reasonable ‘expense. 
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For impounding water for pondage and storage, with only 
oes (e) For economical conduct of the work: | 
be 
4 
To provide a stream flow not subject to’ 
alo of discharge; that is fairly well maintained at low-water | 
seasons, and free from extreme floods 
To: require only a small proportion of auxiliary power. 
c) To provide the amount of power necessary for the market, 
the use of such other water or auxiliary power asis 
298 (a) Location ‘must be the - most favorable: is 
To afford suitable foundation for dam, power- -house, and 


afford ingress and egress and reasonable 
To afford sufficient. pondage to to the flow per-— 
its utilization on the load under which 
develope operate up to the point economical 


have ample capacity for maximum flood. 
Should have gates to keep low-water head at maximum 
af of while providing ‘ample capacity (with gates open) to. 
_keep head and back- waters at their designed limits. 
State “Must be designed for strength and stability; also, to re- 
eh poe sist shocks of floating ice or débris and for ice pressure. _ 
6 --- Must have base and ends essentially tight against seepage. — 
Must be designed to prevent overflow around ends. : 


> 


— 


& 

‘Must be designed ‘to pass ice, débris, and logs. 
‘Must be designed with suitable provision against erosion 


Should have such logways, fishways, ‘mud valves, sluice- 
gates, or head-gates, as may be necessary. 


Should be long enough for passing floods and short enough 
) Head- race (where meeded) cif 
Yo Should have economical section to prevent loss of head 
ae (and energy) under normal flow, at peak load, and under 


Should be provided with a forebay just above ‘the plant 
for small. storage to. ‘permit cl change of load without seri- 
Usually with head-gates or stop- -logs openings. 
Usually with booms to prevent ingress of floating 
Lined to prevent seepage and .to reduce friction. 
ipe penstocks or tun y 
Proper head- -gates and protecti n : 
Proper inlet gates for filling penstocks and equalizing 
co “pressure on head-gates before opening. 
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ECONOMICS 0} OF HYDRO- ELECTRIC DEVELOPMENT 


Stand-pipe_ or surge tank to prevent shocks and 


running condition of turbines and generators. 
take Proper entrance to turbine chamber. 


soit 


On safe and stable foundation. 
With trash-racks to keep débris from turbines, but witl 


section not to interfere with flow 


rie vm suitable for convenient and easy raking. 


109 ‘With trash- to permit disposal of trash. 


> 


= inlet’ ates fill penstocks and equalize water pres-— 
a to With suitable draft-tubes and discharge sections to re- 
_ With ample room forequipment. 
olde tity Arranged with regard to safety in operation. 
, Arranged to facilitate operation (so that the right: way way 
_\) is the most convenient and easiest way to do). 
For future enlargement or extension (if probable). 
Fire-proof, with ample light and suitable ventilation. 


a fs - With economic section to facilitate discharge and econom- nome 
iz e head (see also “Head- Race”). 


Gate-operating machinery for ease and rapidity of han- 


Cranes for eco nomic erection and maintenance | of ma- 
to Recording gauges to give suitable records. _ 
baa _ Equipped for renewable parts. ai 
oy too large for economical operation. 
With fly-wheels, if necessary for proper regulation. 


= 


of Yledif Electrical equipment, generators, exciters, switchboard 

protective devices, automatic or remote control, lightning 
 ayresters, transformers, oil purifiers, ewitehing, and 


ab, 


sites Economical voltage for distance. (Ss) 
Conduetors large enough for proper regulation 
Adequate insulation and lightning protection. 
to wind and sleet. 
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-Economieal construction: 2744, ti gid 4 eth. nal 


(a) Proper supervision, inspection, testing, ete. 
(b) Foresight and provision for contingencies. 


(ec) Judicious contracts at reasonable prices, or construction 
day’s work under experienced economic supervision, 


(d) Judicious purchase of materials, machinery, equipment, 


supplies. 
(e ) Curtailment of undue salazios and general expenses, 


ga 


Although this item is considered under “Command of | 
factory Power Market”, attention is especially called to the fact 
Pay they a' 5 that the amount of power which can be sold immediately, and 

the price which can be obtained, is frequently over-estimated ; 
Ast ee also that the time required for developing a profitable market 
often requires a larger extra investment in in actual cost, 


9.—Economical management, ‘operation, and maintenance wile 


“development otherwise satisfactory may be seriously | handi- 


capped through unwise and extravagant management. Honest 
and economical management is highly essential to economic 
guecess. Experienced "and trustworthy. operation and main- 
Ley 
tenance is also essential. Waste, with consequent loss of out- 
-‘< om put, may arise from neglect in operation, ‘such as racks clogged _ 
with débris, leaking turbine gates or runners, and the like. 
‘Many such sources of loss and waste are possible and can be 


obviated by wise and intelligent work. TOS 


a om 0.—Accurate estimates of power output and income, and cost of promo- 
* financing, construction, depreciation, development of 


‘ power is a favorable balance between annual income and annual 
expense. An accurate forecast of all the items: which go to 


APPENDIX: 


Caprran Costs or Hypro- Devevoraents 


ip’ 
| bs 
— also requires special consideration, as many developments are 4 
sg 
7 
= 
=" 
| 
J 
difieult im an investigation, and the balance should | 
— to occur. 
a 
Census of power market and determinations of stability and 


bas (d) General expense of organization fos on avid 


od, (a) Promotion costs and profit we 
yor bo 


(b) Legal expenses of organization. 
= Cost of obtaining franchise. = 13M 


Real Estate and Water Right Expenses: obiyox 


wilt (a) ‘Sites for dam and power- -house. 


(b) Flowage and water right. at ban'l 
hetimif Rights of way for canals, roads, and transmission lines, 


Final ene of cost of complete plant and 


‘Cost of lands, including flowage. 


(b) Cost of plant with complete equipment, including n material, 
labor, construction equipment, and plant supp 
(ce) Cost of operators’ houses, if required. ats 

Contingent cost, , with due regard to each 


(e) Cost of engineering, supervision, inspection, tests, , adminis 
ation expense, including salaries, insurance, office equip-_ 


tt 


ai 
(e) Working capital itt 


(f) General administration. expenses. 
ag g) Expense of financing (if not included in promotion expenses). PS 


; “Fuel and oil. fe 


On bonds, notes, a ; floating a debt. 
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Bs oF HYDRO-ELROTRIC | DEVELOPMENT (Papers. 


Stock and bonds, when not made a capital must be pro- 4 
=e When not provided for as a capital charge, this must be absorbed _ — 

provide for unusual damages to plant and replacement of 
‘o retire when values may be destroyed under a limited 
"franchise, and to investor on the expiration | of 
ATION oF New, Revenue (Gross Revenue Less Sream Power Cost) 

By E.. TURNEAURE, M. Am. Soc. C. E — 

The lower half of the average duration curve Twin Falls Plant _ 3 

= time, in months, during which the : 1 flow that 


= 


+7 


Se? 


See 


Horse Power Delivered | 
San 
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ECONOM 


‘The vine necessary to be generated by steam in average 


-year, in order to supply y h.p. continuously, will then - the area, A CD. 


Expressed in horse-power-months, this | is: di 


+ — 1800) - 1.800)? 

qi 


fr gross income per horse-power- -month and c= cost of steam 


ete R= 12 r y— Bs y—1800)?> git OOb by: 
average monthly revenue per horse- almost exactly 6.0 


1.1 cent per kw-hr.), or r = $6. 
For various values of ¢, ti the amount of net revenue eis: as é 


ang ¥ ¢= per kw-hr. = = $9. 65 per horse-power-month. 


=2 cents per kw- hr. = $11. 00 per horse-power- -month 
R = 72 y — 0.015 (y—1800)? re 


= 24 cents per w-hr. = $12.40 per horse-power- -montl 
 ¢ = 23 cents per kw- hr. = $13. 70 per horse-power- -month. | Bet 


: 12 1 — 0.019 1 800 


or the maximum value of R, y=1 800 + —— 


: 


yee O00 GOR to or c = 1l¥cents =4500hp, aid’ 


c= <= cents” 900 h. 


a 

about 3 900 hp. and the steam ant wil have to. maintain 
this output at 


maximum revenue ‘when ¢ is below 


7-\ -~ 


em 24 cents R= 206 

ge cents R= = 
For = 24 cents and y = 3 

800, only slightly larger than y= = = 3-900. 
- ‘If the capacity was sufficient, the va value of R, for ¢ = 13 cents and y = 4500, 


would be $229 0 000, a ‘difference of only $5 400 from | the previously given value * 


of $223 600 fory = 3900hp. 
With coal at $10 per ton, ‘the cost of ste 
kw-h br., the most profitable output would | be ‘about: 3 900 hp. r 


7800 hp. from the two ) plants with a a net revenue of about $412 000 ding - a 
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ECONOMICS. oF -HYDRO- ~ELECTRIC DEVELOPMENT 

the Pine River Development at 0% of each. of the others, brings the most 


4 profitable output to: 3 900 K 2.6 = = 10200 h, p. and the net revenue to $535 000. a 
7 ie deliver this amount of power, would require further additions to the : 
= eed plant. - Without such additions, ‘the capacity will be about 8800 hp, 
taking the low-water capacity. y of the Pine River a at 1 000° h.p Distributing 
this load proportionately will call for 3 4 400 h.p. from Twin Falls, giving a 


- ineome (c= = 2} cents) of $201 | 300, or for the three plants of $524 000, ‘or only 
$11 000 less than the maximum to be secured by additional steam, — The addi- 


tional: steam capacity to. supplement the Pine— River “development would be 
a about 1400 h.p., costing at least. $125 000. F ixed charges on this would be a a 
hput 11%, $14 000, which shows that; at the present rates for current and 
for coal, there would ber no profit in| developing the scapacity of of Pine. ‘River 
Query: Are the rates for. ‘power what they should be: in the interests" 
“4 FOR Year Curve FoR 1903-1918 INousive) 
4 The same method of of analysis applied to the year composed of the lowest 
sin r the years 1903- 1918, gives the following value for net revenue: | x 
with ¢ =2) cents per kw-hr., the net revenue from the two would be 
For at total of 5 000 h.p. (the present load) R = $306 wt 
The most favorable 1 load. would be 300 h. net revenue of of $300 000 0 would 
leave about $70 000 for common stock. ‘For the three plants, the net revenue 
be: only od yh OOO h. R= 893 000 
The ‘most favorable wou be 6 900 a net 
‘revenue of $400 000. the three plants, the fixed charges, operating 
and dividends s on preferred stock would require about $300 000 per year. 
to tot OORE = tot dom 
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| RESE EARCHES ON THE ‘STRUCTURAL DE SIGN oF 
ng HIGHWAYS" BY THE UNITED STATES 
BUREAU OF PUBLIC ROADS* 4 
T. + Assoc. M. Am. Soc. C 
sdio. ii of) stiup aoutit +s ons 


shoe The United States eau of Roads, in connection with its extensive 


work on Federal Aid Roads, has been authorized to do. considerable | research 


) carried | on in different localities: ith several co- operative agencies, 
VE) 


This paper. treats only phases of the research concerned with 


structural features of highway design, considered under researches on the 
gub- grade; (2). loads on pavements; ( (3) stresses in concrete pavements; (4) 
P+. ; 4 Pittsburg, Calif., test road; (5) studies in materials; and (6) miscellaneous — a 
In all cases, the scope and procedure of the test project is 


given, results are described, and conclusions drawn . Although certain phases 
have yielded. conclusive results, the work on highway research, as a whole, is 
far from complete; this paper simply aims to acquaint engineers with bet 


to date and to stimulate further ‘development. 


Tt has been estimated that the’ Federal Aid Highway System when id 


a 
4 


3 


to 


of the road mileage of the United States. At the present time, 
2B 45 000° miles of the Federal Aid System are bee agi or under construction so = 


requires the expenditure of millions of (dollars ‘and the complete investigation 

of both economics and technical features. Ne ot all of construction will be 

# high-class pavements; mueh ‘will be of a secondary nature carrying so little és 
traffic: that large expenditures on them would be economically unjustifiable. 

tention; however, and many secondary routes will carry a sufficient 

2 volume of travel to warrant paving them with the highest 1 types of surfaces. Es a - 


The ‘proper : adjustment of the road type" to local conditions is, of course; a a 


future traffic reaches astounding figures. ‘Constrastion of such magnitude 


be Chf. Divs of Tests, , U. S. Dept. of Agriculture, Bureau Public ‘Roads, ‘Washington, D. 
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ON STRUCTUR RAL DESIGN OF HIGHWAYS Papers. 


& - that the final design and choice of road type are governed by factors ‘that a | 


of given proper weight when considered in combination with another important 
aa. - factor, the ) ability « of the roadway to carry traffic loads. _ The present discussion 
~ includes only those investigations which have been undertaken to shed light on — 
the x principles involved i in the structural design o ofroads. oe 


FuNDAMENTALS INVOLVED IN THE STRUCTURAL DESIGN OF Roaps 


oe roadway considered from the structural standpoint includes not only the 4 
surfacing material, but the underlying sub-grade, and also the shoulders and ; 


= ‘drainage structures. A wide v variety of surfacings are used; some are of a more 

or less rigid and elastic nature, such as concrete; others have less rigidity and 

are at times quite plastic, such as the bituminous | types; ‘still others have > 
"practically no resistance ‘to bending, but are highly r resistant to heavy Toads: 

e support, such as the macadam, gravel, ‘and sand-— 

< Foul ars The design of of any engineering s structure involves: (1) correct evaluation of 

a the forces or agents which that structure must resist; and (2), the correct 

"proportioning of that structure to resist ‘those forces ‘economically. — Due 

; a recognition, of course, must be given to the choice of such materials as will 

be sufficiently resistant under the attacks of the chemical or physical agents. pn It 

difficult to conceive of any engineering structure that is called on to with- 


stand a more complex set of influences than a road surfacing. 


. ‘The different types of pavements are constructed over sub- grades ranging 


es - from swamp lands and plastic clays to hardpan, compacted gravel, and even 


solid rock. Obviously, the influence of the sub-grade on pavement design has a 


Bay important in highway research. Then, too, the of moistur 


q 


The influence of ‘this. phenomenon is apparent when it is considered that 


- vertical motion of the road surface must accompany these changes in volume 7 
and that this motion varies between the sides and the center of the road. Frost 
action» in the sub- -grade also has a _ decided 3 influence on the road surface in 


non- uniform vertical ‘motion and “resulting in in deterioration of 


. 


aot of natural forces on the road murince, itself be 


des to the expanding of temperature moisture; (b) the action 
of frost and low temperatures in producing horizontal movement, brittleness, or 


- sealing of the different surfaces; (c) the disintegrating or softening ¢ action of 
moisture on certain types of materials; and (d) the variety of forces exerted - 


te The element of fatigue of certain types of road surfacings enters still: 
further: to complicate the problem, for the loads on pavements are repeated 
. ~ millions | of times during their life. It might seem to be almost impossible to to 
arrive atar rational for road design when all these disturbing factors 
oS known, to exist, and possibly. an exact application of any theory may be rendered 
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difficult. it 3 is felt alongs 
the direction of more correct knowledge. The results lend encouragement — to 


| the belief that the future design of roads will be on a ufuch more 
rational and scientific basis than is at present. ios 


Pe 


Ss 


woth The character of support offered is always a most important matter in con- = 
“nection with the design of any structure, but most , emphatically so. in the « case 


. a road surfacing. There are a number of ways in which the type of sub- — 


grade material affects the ability of a road surface properly | to support the 
traffic. ‘The very finely divided plastic soils i in the presence of moisture may 

| absorb a high percentage of water by capillarity. _ They then become extremely 

soft and are easily deformed under the pressure. Bi 


_ The action of frost in causing heaving, . due to the swelling of the sub- 
- grade, is likewise well known. | The amount of movement is influenced by the 
type of soil, because | some soils are capable of ; retaining high percentages of 


‘moisture and further because the amount of moisture capable of being frozen, 
in different types of soil, differs widely. 


are 


Boe The shrinkage of soils is an important characteristic, ale directly ‘respon- 4 
sible for serious -eracking- in concrete roads. ‘It is frequently the case 


_ evaporation of water from the sub- grade takes place more rapidly near the 

shoulders than at the center. . Naturally, there i is then ‘more vertical movement 

“due to soil shrinkage at the sides of the road than at the center, and, in some 

cases, as in the adobe soils of f California, the sub-grade shrinks entirely away 
from the road slab so that a serious longitudinal crack develops. Such illus- 


trations will s uffice to demonstrate the important part which the sub- _grade 
material must play in the successful design of a road surfacing. 


— 


* 


Physical ‘Tests of Sub- ‘Grade M road engineers can recog: 

ti nize immediately | the v very worst types. of soils and also the very best. types; 
it is not always possible to distinguish good from bad soils when they lie | 
‘somewhere i in an intermediate range. One important investigation, then, has 


Ore ree: 


consisted in the development of tests that will distinguish the. various soil 


_ During the past several years, the United States Bureau of Public ‘Roads 
Eas been working o on the standardization | of tests to distinguish and define 


the various properties of grade materials. These tests may be listed a 


the —Comparative bearing value. 
Bin font wol ¥ 1—Slaking value. 


| 


ing and into ‘sand, silt, and ‘suspension-clay. 
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4 
= to a ‘depth of 8 cm. the of the liquid. exch 


at ts «Silt i is that part of a soil sample which passes a 200-mesh sieve )and settles 


out of a mixture of soil and water, after 8 min. ‘subsidence, to 2 a depth: of 


8 em. from the surface of the liquid. 


is that part. of the soil sample which remains in suspension after 
par 8 min. subsidence, to a depth of 8 cm. from the surface of the liquid, but i! 


which is. thrown down when a centrifugal force equal to 500 times the force 


of gravity. is , exerted on the suspended material for a period of 3 hour. o 


a __ Suspension- clay i is that ; part of | the soil sample which remains in suspension 
when. a centrifugal force equal to approximately 500 times the foree of 

gravity is is exerted on the ‘suspended. ‘material a period th hour. This 
is the very finest ingredient. of the soil sample. ‘ai eat 

Water-Holding- Capacity.- —The. water- -holding _capacity, of the soil is the 


maximum water which is capable of ‘retaining. 


and then. subjected to a centrifugal . force gery to 1000 ‘times - the force * 


| jeetee fora period ¢ of 1 hour. This seems to be a very ‘important, test ‘and 


is a measure of the difficulty of drainage. oat ir a 
dys Capillarity.— —In this test, the percentage of moisture taken up 


IG. 
in a given quantity of the soil by vertical eapillarity is determined. 
a Comparative Bearing Value Test. TT —In this test, the load- “supporting value 


_ Volumetric Change. —This test is one to determine. the amount. of shrink 


foe that takes place as the soil changes from a condition of definite wiaiotore 


_Slaking Value. ‘this test i is determined 1 the length of, time required 


fora briquette of definite size to fall to. pieces when immersed in water. "a 


-_. Dye Adsorption Test.—Different soils have the ability in greater or lesser 
degrees of decolorizing dye solutions which are filtered through them. — The 


he _ variability of dye adsorption properties by soils seems to be correlated with 


m 


tof samplete the details of ‘these, tests has been published 


m 


_ ” "Dtepueatdin of Physical Tests on Soils. —It cannot yet be said that the 


of the physical tests have been sufficiently correlated with the field behavior of 


sub- grade materials to establish ‘the limits which define good or poor sub- grade 


3 


Mechanical Analysis —In general, it i is quite evident from field observation | 
soils having : a high percentage of the coarse Particles are those which 


give the best results. soils, in general, have very low moisture ‘eapacity, 
Jow capillary ‘absorption, low volumetric. change, due to moisture changes, a and 


a omparatively high bearing value, no matter what their moisture content may 


| 
* Physical Properties of .Sub- -Grade Matarjala’t by 1 Boyd, Am. Soe. 


for Testing’! Materials, Vol. 22 2 
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which, in have high high capacity for 
} high degree of plasticity when they become r moist, even with capillary 


“Moisture. _ It remains to be established, however, what the safe limits of sus- 

— -clay and clay might be in a soil for use under the road surface. 
_ Water- ‘Holding Capacity. —The water-holding capacity of a soil is related — 


to the mechanical since, with a high percentage of very, fine 


and shrink a great deal with changes in ‘moisture. Because of their high 
moisture content, frost action is to cause ‘of the 
7 4 Moisture Equivalent.— —The moisture equivalent seems to. be closely 
to the mechanical grading and is. apparently a. 

drainage.. At the same time, it seems to be a test whieh gives | promise of 
"becoming almost a single measure of the sub-grade-making | properties of = 
soil. Soils having high moisture equivalent are ‘difficult: to. drain, have high 


- moisture-holding capacity, are apt to be plastic when. wet, to swell and. shrink — 


a great deal, -and will probably heave unduly’ under frost action, At present, 
that moisture equivalent is perhaps the most test 
for sub-grade materials of all those described. There are some field investiga; 

tions in the West which have indicated that a moisture equivalent of twenty — 


may be taken, at least tentatively, as’ a omsh, dividing line between desirable 


Volumetric Change. —This is an important test for soils as it gives a direct 
indication of the vertical motion (and, unfortunately, non- -uniform vertical 


such soils. are hard to drain and, moreover, not. always, ewell: 
1 


Vertical Capillarity. eapillarity i is significant i in connection with 
the height of the water-table under the road surface. % ‘Tf a soil has high. vertir 


capillarity, it will absorb a -eonsiderable quantity of water from a free 
source supply. High vertical capillarity in a sub- -grade material i is un 


fe 

t 


bearing value i in ‘ -sub- material thie question is 


one of considerable complexity and will be discussed later. 
eg - Slaking Value. —The slaking value of soils seems. to be a measure of of the a 


speed with which the various materials will soften under the influence of 
water. It is not known yet, however, just how to interpret laboratory. results 
in terms of field behavior, soot biles 


Dye ‘Adsorption. having percentage of colloidal material are 


. Ing general, soils 


mm 
7 ercentages of the very finely divided Bm 
mesh 
min. 
h of | 
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28, and 
EEE tish for determining to some degree the relative plasticity of =f 

ym. Boe :. soils showing high dye adsorption will have a high percentage 


a rials. ‘Tests show that the dye adsorption of the clay a and suspension- “lay sec- 
a tions of all soils is quite high, but differs | considerably among the various parts. 5 
The clay, and suspension- -clay make for lack of stability. Lo 
. 4% Tt is quite probable that, in ‘examining a a sub- grade soil in the labusutiry, 
- os all the previously described tests need not be used. It may be found ‘that a_ 
‘sufficiently complete analysis results from the use of a few of these tests. Thus 
- far, the moisture-equivalent test seems to have outstanding value, although itis: 
probable that this test alone is ‘not | entirely sufficient. i It seems to offer, how- 


ever, most direct means for ‘identifying, tentatively at least, poor : and 


x . sub- grade soils, Z Further, it may be performed i in the field in such manner as 


i sit sity of pressure is comparatively low. On the other hand, ‘if. the surfacing 
Baa ‘material is of a flexible type, ‘incapable of “resisting bending, the area of ‘dis- 


a ca drop on the smoothed off surface of the’ sample and spread with a ‘spoon or 


» : spatula. It will be found that before the ‘moisture- equivalent value i is reached, ‘ 


n> to give almost identical results with the more exact laboratory procedure. — Bary 
Field Method for Determining’ Moisture Equivalent of Soils. —This: test 


vit 
seems te to have been originated by Mr. A. C. Rose, ‘of: the Bureau of Public 


Roads. The procedure consists of drying a 500- -gramme sample of soil at a 
% temperature lower than 100° cent., breaking g up the lumps, placing the sample 
in a bowl, and slowly introducing water from a , burette, mixing the water and 
soil thoroughly together to the consistency of putty. Water is then allowed ‘dy 


‘the wet, shiny appearance will disappear from the soil surface almost immedi- 


ately after the drop of water is smoothed over the surface; after the critical 


value is reached, the surface will retain its wet, shiny appearance. ’ The sample 
ee: is then dried out and the percentage of water is calculated on the basis of the 
dry weight. After 0. 8% of water is’ added to this value, the result will be ‘the 
moisture equivalent. of the soil. ‘Tentatively, it can be stated that the approxi- 
: mate dividing line between bad sub-grade soils and good sub-grade soils lies i in 
Influence of the Bearing Value of the -Grade——The intensity of pres- 


a sure on a road sub- grade i is 3 governed by a number of factors. — : ~The wheel load 


to ‘the underlying sub- grade. If the wearing ‘surface 1s s of a ‘rigid “type, as. 


concrete, eapable of resisting bending, the sub- grade pressures are distributed 


Over a comparatively broad area adjacent to o the wheel , and the highest inten- 


curves pressure distribution obtaineé ‘under with broken- stone 
‘surfaces of equal thickness, both subjected to a concentrated load. (Fig. 
The _pressures: “were measured by soil pressure cells, described elsewhere. 


= ‘the: wheel load, whereas a soft soil would have low pressure intensities, 


spread out, provided, ‘of « course, the over- -lying slab was of such a nature 


* “The Distribution of Pressure Through Earth Fills”, by A. T. Goldbeck, Proceedings, — 


s volume change and, i in general, are likely to be undesirable sub- pie Ste : 


. is carried directly by the ; wearing surface which, i in turn, transmits the pressure y 


of sub- preseures will be quite 1 and the intensity 


able The degree of ‘yielding of the 8 oil also affects the pressure distribution. 
Thus, a solid rock sub- grade would have high and restricted pressures under — ‘ 
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to bending. The flexibility of: the. slab. likewise. controls the pressure 
intensity and distribution. ‘Rigid, slabs, such as concrete, can deflect 1 


before a a crack is produced; other. types of pavements of less rigid character, 


can be de deformed more, without the accompanying incipient failure. The 


grade material, therefore, has to develop its resistance to the over- ‘lying load 


_ within safe limits of deformation of the pavement. — It is quite important that 4 


“the b bearing value be obtained corresponding | to a ‘known amount of deforma- 


tion of ‘the sub- grade. ‘This amount will be less with rigid sl slabs than with 


PRESSURE DISTPIBUTION 
TO FOUNDATION 


THRO 
CONCRETE RELATION OF UNIT LOAD 


SLABS 8 IN. THICK AND . ~ TO AREA OF SOIL BEARING 


im \_SUBGRADE w Live 


Pressure in Lb, per Sq. In. 


4 
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Area rea of Bearing I Block i in Ft, 


Influence of i = on Soils.—Another 


tion in determining the bearing value of sub- -grades i is that due to the different 


areas of support offered by the ‘sub- grade, ‘depending on the rigidity of the 


bearing value of a soil, for a ‘given en penetration n of the bearing 


in n mind ‘that a se series of tests 1 were conducted to determine ‘the influence of the 
size of areas on the bearing value of soils for definite penetrations of those 
areas into 1 the soil. _ These were conducted using bearing 


“types of sub-grade ‘materials, ‘such as plastic wall Although there is 
FA some 7 variation in the law for the different kinds of materials, the accompanying 


curve, Fig. 2 is, in n general, indicative of results obtained. tt will be noted 


that when small bearing areas are used, the intensity. of pressure to 


‘ the movement of the block ae in the case of the small bearing area. “it may 3 


not always be possible t to make bearing value determinations by the use of large 


- ine ests. If smaller bearing blocks are used, it will be necessary to obtain 
% the bearing value of the soil at a much less penetration, in order to obtain values — x 


corresponding to a definite penetration ‘of the e large bearing block. Thea relation 
between the depths’ of penetration of different sized bearing for like 
_ intensities of pressure has been established by a series of tests using various E.. 


bearing: areas.* In Fig. is shown the results of this giving 
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experimental results for a penetration of 0.1 in. over the area. of 9 sq. ft. seem ; 


be quite accurately expressed by the relation:! } to, at tad 
af Area (square fee feet) = $08: [penetration 
als biz tion (A) init A ails te 


a and A are areas the respective blocks. Other 


menters have confirmed this relation.* or 
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Experiments’ in Sub- Gr cade Moisture.—Even the worst kind of sub-gr: ade 
"material has a high bearing value when it is On the other hand, the 


best kind of sub-grade_ materials are it in their best condition when ‘slightly 

é a moist; this applies especially to clean sand. The worst sub- grade materials pare 
dangerous only when they have taken up a sufficient quantity of moisture to to 


cause them to swell or to render them plastic. It is important, therefore, that 


F complete | information be obtained as to the laws governing moisture. in soils. a 


Drainage Experiments-— —In an effort to determine ‘effectiveness: of a 


number of different systems of drainage, slabs, 14 ft. sq. were laid as ‘shown 
in the ¢ cross-sections of Fig. 4. It will be noted that the sub- grades under ~— 
= slabs were tile- drained i in some cases, that all had deep side ditches, and that il 


"several had deep impervious ‘walls surrounding the slabs. of Each. slab was per- 


forated with holes through which of the underlying sub- grade 
be obtained. ~The accompanying data” (Table. 1) gives t the ‘results of these 


moisture ‘determinations for each of the various sections. oF, + 
i ‘As a result of these experiments, it is concluded that systems of a 


oti 


bh merely remove the free’ water in the sub-grade, but cannot remove sebillery 


See article in Le Genie Cwil, May 26, 1923, by Bijis, of 


as moisture, and it seems that notwithstanding the different systems of a 
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used, there were high moisture contents" under all the some 
| during: the year. _ The impervious cut- off walls built along the sides did not 


serve ‘particularly to to reduce the moisture content under the s 


Admixtures of water- -gas tar were li likewise not particularly effective. It must 
not be inferred from these statements that tile-drains and ditch drainage are 
not considered useful, for si ‘such methods remove water, 

not remove capillary water. lation: 
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“of curative treatment? Experiments to determine these points have been 
conducted using various admixtures to soil, with the results shown in Fig. 5, 


from which it appears that 5% additions of hydrated lime Portland 


‘ cement have the effect of decreasing the volumetric change due to variations 
in moisture content and likewise of increasing the bearing value of plastic be 
soils that contain moisture to a limit of their capillary moisture. 

6 is shown the effect of of different. ‘quantities 0 


an 


EFFECT OF VARIOUS ADULTERANTS 
UPON THE SHRINKAGE OF A 
—OF COVE CLAY SUB-SOIL 
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accomplishing the same result. I It would seem then that it is 


create over a bad sub- grade a 1 layer which has high bearing value, “wh ee 
by the expedient of mixing and 
Issrehair ites: soil admixtures such as lime, Portland cement, or sand, 2 


or by the use of @ porous, granular layer. Some ¢ experiments made by the — | 
Bureau of Public Roads a number of years ago illustrate why it is beneficial ¥ : 
to use a layer of material of high ‘supporting value interposed between the bes 


plastie ‘sub- grade and the overlying road slab. b The resulting | curves (Fig. oi Ts 
show the distribution of pressure intensity due to concentrated loads placed — Be i 
on top of layers of different thicknesses. . As would be expected, the thicker a ‘ia 


the layer, r, the smaller is the intensity of. pressure at. the bottom and the a 
wider is that pressure spread. a layer’ of material of good supporting 
value has the effect of decreasing the intensity of pressure on the soft sub- ze 


grade due ‘to concentrated loads « on ‘the road surface. Under. just what condi- i: E 
? 
tions” it is economical use such layer, ereated either by admixing with 


the | sub-grade, or by placing on top of the sub- “grade, i is yet to be be demonstrated. 
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lt is quite necessary to know not ‘only the static weights of t 


vehicles operating over the highways, b 
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ut also the impact pressures produced 
pavements Dy tucks moving at migh speeds and equipped with a wide 
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variety” of tires. In a large number of tests of this nature, an effort has: 
been made ‘to obtain the relative impacts under the various conditions that 
might exist due to road roughness. In Fig. 8 i is illustrated the motion both 
of the body of the truck and of the unsprung portion when the rear wheels 
all a definite height and strike the road surface. sists tio. 


PRESSURE DISTRIBUTION 


THROUGH DAMP SAND FILLS 


PRESSURE APPLIED THROUGH 

8 IN. CIRCULAR BEARING BLOCK 

SU 

Note: Numbers in parentheses are 

values of reactions calculated 
curves. Numbers outside parentheses 
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teral Distribution in ln. 


ee - Ordinarily, the springs of the truck are under static compression, ¢ due 


body: toad ino that ‘the. instant is relieved, owing to 


force of. gravity plus the sel of springs; but the body of the truck 
descends much more slowly. Ate the instant the tires come into contact with 
road surface again, upward pressure on the wheels begins and. downward 
vertical motion of the wheels is finally reduced ‘to zero. The pressure on 
the: road surface has increased from 2 zero at the instant of initial 


under the same render them resistant to loads. 
“a hydraulic jack was set on a conerete base and the plunger, provided with 
é. Es a platform, was set at about the | same level as the road surface, one of the 
_ annealed copper cylinders being then placed under the plunger of the jack. 
es The 1 motor truck was driven so that its rear wheels came into contact with | 


this plunger, and; the full force of the blow was delivered to: <eopper 
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a = obtain a measure of this pressure, the following method of test was used. bias 
4 i: Cylinders were prepared in large numbers by cutting 4-in. lengths from 
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| various cylinder shortenings siti been determined separately, the effect 0 
blow was readily known in terms of these deformations. 
truck wheels mounted a ‘slight incline and dropped from definite heights: 


to the plunger; in 1 other cases, obstructions were placed on the plunger. © 
large variety of truck tires were used on the same truck, with like conditions i 


q 
of loading, and a number of different kinds of trucks, operated over wide 


ange speed. In this m manner, the influence of the 
l, kind of | 


OF WHEEL AND TRUCK BODY & heat 
DURING DROPAND IMPACT Si] 


ginal Elevation in In. 


Movement from Ori, 


8 12 1416 18 
oe. Speed i in Mi, per Hour — 


matic, solid, —the thickness of tire, th 
the road was obtained. Typical results of these tests are indicated 
in the’ accompanying curves* and the following conclusions have been draw 


(1) Impact depends largely on ‘the kind and « condition of the tire. i 
(2) Thin or worn solid rubber tires, even ‘though they 


4 


a 


“tires, that. is, tires having a degree’ of and 


deflection between solid and pneumatic types, offer corresponding 
advantages in reducing impact. 


the k, 1 but it ‘be 
said to. inerease according to Constant ratio or. 


‘Although heavy unsprung weight may. give hi 
lighter. unsprung weight, cannot be said that this is the major 
48 


(7), The relative alk ‘effect: produced by light | ‘weight, high 


if speed trucks, and heavy, 8 slow- “moving has not been deter 
mined by these tests _ They « do indicate, however, that: equa 
impact may be obtained under some conditions. 
mpact wd be as high as ‘seven times the static load on one rea 


of sort) 


n a solid-tired truck strikes al -in. obstruction at. 16 


Bee, also, Public March and December, 1921. 
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miles per h 
pneumatic. maximum ‘impact “value is ‘probably: not 
edict” more than 12 times the load on one rear wheel, and an average 


RG value is not more than 1} times the load. fii 


All cushion wheels do not reduce impact on the road surface even 
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aif 


of taining Sq One of these devices is the cell 


| o of the truck v wheels at the instant of contact with ‘tet road st surface. 


Knowing the value for deceleration, the maximum ‘pressure due to impact 


M =the mass of the unsprung portion of the motor trucks; 

the maximum vertical deceleration; _ 


= the acceleration of gravity; and 


P= = the s spring pressure at the instant of full contact. 


> 


that of the determination. of the distribution of fiber 
Pe deformation in the surface of the road slab due to motor- truck traffic. ad For. 
this purpose, it was necessary, to design a “special strain -gauge which ‘would 

ecord these maximum deformations. It) that this instrument 

of the recording type, § small and compact. hj 


oe ae The type finally evolved (Fig. 12), called : a “graphic strain- gauge”, con- 
a single lever having a a . multiplication of ar 


the long arm ¢ carrying a needle which scratches: a “mark or on a smoked- glass 


“plate. This mark i is 3 approximately seventy times as long as ‘the movement of 


the plunger of the instrument, whic movement equals the fiber deformation. 


the glass" ‘Tecord As “fixed” i in a thir varnish solution and then 


under a microscope to ; obtain. the length of the ‘seratch mark. V ery con- 


SORMNTRY: 
sistent results, have been ‘obtained with this” instrument under static and 


“dynamic loads, and it is known to have practically no “overthrow” ‘under dynamic 
Toads. When used for stress “measurements, slot i is the surface 
of the: pavement, in. square and about 63 in. long, just large “enough 
“4 to receive the instrument the ends of which bear against | brass plates « cemented 


at ‘the ends. of the slot. Finally, a a ‘thin ‘steel plate is laid on the pavement 


‘the instrument to ‘protect it against possible disturbance from the motor: 


truck tires. An number of gauges being thus placed at various locations in 


Ty 


the surface, the motor truck | is run over the pavement a number | of times 
in different positions, and after ° each run the smoked- glass plate in each 


instrument is) “moved forward slight amount, placing it i in position to 


.© “Method for and Calculating the Magnitude of Forces with 
Regard to Impact Forces,” by H. Kreiiger, Transactions No. 2, Eng. Science Academy, Stock 
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of the ‘trucks were run at different. distances from the sides of the 
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Transverse Tension on 


"MAXIMUM FIBER DEFORMATIONS 
6 IN. PLAIN CONCRETE ON DRY SUBGRADE 
ooo PRODUCED BY 5 TON TRUCK FULLY LOADE 


_| (MAXIMUM WHEEL LOAD=7 950 LB.) 
(Tests made on Arlington Pores Road Section 12, 26, 1928) 


n 

|e 


slab at the and also dire is considerable ‘tension on a 45° diagonal 


in the top of the | slab at a corner formed I by the intersection of a transvers — q 
joint: and the edge. The longitudinal stress in the interior of the slab directly — 
under the wheel load is much less than that at the outer edge, and it would Z 
“seem certain, therefore, , that that strengthening | of ‘the edge o: of the slab i is necessary 
to obtain slab of more ‘nearly balanced design. is to ‘be noted that 
: the tension in the bottom of the slab along t the edge approximates the tension ae ; 


Deflection ‘Curves Along the Side of a Concrete Road—An autographie 
-deflectometer, built specially for the been used obtaining 


a measure of the ‘deflections along the side of road ‘slabs while taking stress 


“measurements as just “described. view of this” instrument is shown. in 
Fig. 15. Tt consists of a board, 20 ft. Jong , carrying a series of pen arms 


> 


actuated b by p lungers ‘resting ¢ on the “pavement. The travel of the - pen is 100 


_ times the “elleetion of the pavement ‘and the record is made on a. strip of | 
paper moved by an electric motor. As the trucks run past ‘the instrument, 


each pen. arm ‘traces a curve giving an exaggerated graphic representation 


the deflection yn: rom the twenty curves thus drawn, | the true shape of t 


veeeive another record. I uvzen or more records may be 
fiber deformations using a 5-ton truck were as shown in Fig. 
| | 
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curve is obtained. _A series deflection curves, Fig. is shown 
a 6-in. slab; similar « curves have been. obtained for. slabs of several 
designs. They corroborate the strain-gauge indications that high 
= may exist both at the top and bottom of the slab along the edge. sts 
7a _ Stress Along Center Joint of ¢ a Concrete Road. —The question has often _ 
been raised as to whether the stresses due to wheel loads are likely to be a 
high along an ‘unsupported center: in. a concrete ‘road as 
long the edge of the slab. Measurements made on a in, concrete. road 


show that these about 
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6 INe PLAIN CONCRETE SLAB 


UNDER MOVING 5-TON TRUCK 


R,W. = Rear Wheel 
F.W. = Front Wheel 
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_, Effectiveness in Transmitting Across a Center Joint. — 


ff the stress created along a center. joint by a wheel load i is high, ‘the | question: 


arises to whether dowels may be effectively used to transmit it: across” 


adjacent. slab and thus bring pots. sin, into action. 
deflection | curves of Fig. 14, it is seen at the | sudden ‘curvature 1 takes, ‘place 


over a few feet. High stress exists is sharp. curvature in ‘the 
sil 
b 


elastic: line; therefore, dowels, to be effective, st be placed at ‘guificiently 


close intervals to eliminate this. sharp 

Impact Tests on Pavement Slabs. —In. order to repel a relative measure 

of the resistance of the many types and designs of pavements to the acti 
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STRUMENT FOR RECORDING PAVEMENT DEFLECTIONS. __ 
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of t a series of impact tests been conducted at Astington, Va, 


mas 1 which. the action of traffic, has been simulated as nearly” as as practicable. — 


Bele laying the slabs, the sub- grade was ‘carefully prepared so that 


sub- grade having side ditches which were kept dry, and a duplicate series” 


would uniform as possible. One series of specimens. was laid on a q 


e— = prow 


tas 


with ‘side ditches which were kept. constantly filled with water. Tile-drains 


likewise conveyed w: water from these ditches: into” the sub-grade at frequent 


intervals so that this sub- -grade was always: in a soft, wet. condition. =: ‘The 
slabs were each 7 ft. square and of a design as indicated i in Table 2. aeat 


The machine used in these. tests. is shown in Fig. 16. It is a mechanism 4 
to those of ‘actual motor trucks and has 


_ truck wheel that may be shod with any kind of tire desired, and a truck 
spring interposed between the frame of the machine and the wheel. 


the frame and the wheel may be. loaded to correspond with the sprung and 


wa unsprung weights of different sizes of motor vehicles. The 2 actuating 1 


\ = the procedure of making these tests first, the > machine is mounted in 
the position ‘desired. In the present se series, part of the slabs were tested at 
corner and ‘part: with the wheel placed at the middle of one edge. An 
4 


raises the wheel and allows it to fall from any desired height. 


Tis 


"accelerometer was ‘mounted on the ‘unsprung portion of the machine, and 


were delivered to ‘simulate a 2-ton truck, beginning with heighte of fall 
and i increasing tc to a produced. impacts as high as had been dis- 
covers by tests of actual traffic, as determined L by the readings of an accel- “a 
-erometer mounted on the rear unsprung portion of the motor truck. 


the: accelerometer record from the impact machine and that from the motor 


“truck coincided, it was assumed that the forces received by the slab and 
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_acteristios of the conerete. “This investigation will not be in 


by the -sub-grade and that “offered by the slab changes. The 


to warrant the following conclusions: 


> 1s — —The resistance of a road slab depends in part on the supporting value 
the sub- “grade. sub- ‘grade of high supporting ‘value materially increases 


rigid slabs to varies neither directly with — 


but ‘as some power less than ts tw 


> 
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= _ described, also with Ames dials for deflection and autographic means for on 
| 
Pal 4 i. a a the two machines were alike. Auxiliary tests were used to determine the : 
oe resistance of the various designs of pavements to traffic loads, but rather ie 
relative val he rrying ub- 
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at the e edge 1 than to impact delivered at the « corner. 

—Transverse cracks, and longitudinal cracks near the sides of a road 
slab, may be caused by impacts delivered at the edge of the slab. 


5.—Plain concrete ‘of 1:3: 6 “mix shows from about 60 to about 80% 
the resistance to impact: of plain concrete of 1: mix. The lean mix also 7 


and when placed so as to receive ‘stress, ‘adds to the resistance 


s ¢ se ced seem to be more 
effective than the ss same percentage of steel, in large rods, widely spaced. 
8 —There is very little evidence of “cushioning” due to bituminous 


at of 82° cent. (90°. Fahr. or less. 


the possible exception of the 4 6- -in. bases on a dry grade. 


" Brief mention should be made of the results o of the service ‘wate —_— on 
ae 1e specially constructed road at Pittsburg, | Oalif. This report has already 
been published i in detail.* The “test was initiated by the Columbia Steel 


Company of Pittsburg, and, later, a -operative by 
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ON STRUCTURAL DESIGN OF HIGHWAYS 


The types s of sections used ar are shown in Fig. The road was 
structed entirely on “adobe _sub-grade, which material i “past has 


_ always given considerable. trouble. It should be noted that, in the con-— 


of this: road, the sub- “rade was” carefully prepared to a depth of 
« pe ft. The material, having: been removed below grade to that de; pth, was 


refully pulverized. by harrowing and -scarifying, sprayed lightly with v wate 
and compacted ‘with a 12-ton three- wheeled roller. Each succeeding “layer 


of 6 in. was in this way, resulting i in well- ll-compacted 


= December 24, 1921, when the broken condition of | of 


‘the slabs necessitated ‘the use. of a single line, which was continued until 


J anuary 29, 1922. "The gross loads on the truc were re increased from ve! tons 
134 tons; the speed was” about 12 ‘miles per hour. Careful records ‘were 


of the formation of -eracks and’ b broken areas, and auxiliary measure- 

a ments ‘included deffections of certain sections of pavements is made by means 
of tunnels, built under, the pavement, tempera ature records, s, sub-grade tests, 


- tests on the concrete. _ The details of these investigations : are too extensive a 
which 


a of the different sections after 6 914 850° tons of 
ss raffic had gone over the 2 pavement.: In arriving at t the unit comparison of q 


total computed cost ‘per. mile, it was assumed that the cost of 
broken areas” of concrete would be three times" that of laying the ‘original 


 eoncrete and that in all cases the expense of. maintaining “eracks would be 


general, it will be noted that the sections having a low 


ailure are those which have been either stiffened or reinforced longitudina 
ON i) doubt, if more of the transverse reinforcement i in the various sections ~“—- 


ste. been placed i in a longitudinal direction, there would have been greater 1 resist- 
ance to the traffic loads. The effectiveness of longitudinal s stiffening 


is to be noted particularly. _ Attention should be ealled also to the failure 


of ‘Section I which had longitudinal stiffening ribs at at the edge, but a thin — 
center thickness” with. an “unsupported center, ‘joint. behavior of this” 


Re section bears out the fact that the strength along the ceri cetiter joint must be | 

equal ‘to that. along: the edge of the he pavement, unless provision is made for 

adequately carrying the load in part across s to the adjacent slab. "The eect. 


iveness. of stiffened edges is. clearly shown, thus bearing out the results| of 


the Bates Test Road ‘Tilinois* and corroborating the stress measurements 

already citec . The behavior of ‘Beation. A is. worthy of “note. This section 

- failed under comparatively little | traffic after water had been turned into the. 

side ditches. The water softened the sub- ‘grade and ‘the broken stone 
then ‘settled: considerably as the sub-g grade worked its we “way up through the 


voids the stone, It believed. that a blanket at layer of sand under the 


stone would have prevented this action, 
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“Highway research in y Cllitor Older, M. m. oc. C. E., Proceedings, 
Am. Soc. C. E., Papers and Discussions, February, 1924, p.175. 
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been conducted at Arlington on. “bituminous concrete 
and on Portland cement, concrete, in order to make special studies of these 


= Bituminous Concrete—Circular Track. —The i increasing weight of traffic 
has ‘resulted in the shoving and waving of bituminous pavements under 


certain conditions. Studies have been under way primarily to “develop suit- 
‘tie tests. which will be indicative of the degree of stability of bituminous 


mixtures under the action of traffic. A bituminous mixture at summer tem- 
peratures is apt to be quite > plastic ‘and may be permanently deformed under 


UE 

heavy loads. is desirable, therefore, to make it ‘sufficiently resistant at 

the: highest pavement ‘that ‘it will not deform the 


oe Attempts a1 are , being made in the laboratory to develop a a suitable test for 


.e determining the relative resistance to loads | of bituminous mixtures, particu- 7 - 

larly at the highest temperatures, and these tests are being correlated with 


ae service behavior of mixtures laid in a circular track at. Arlington and > 


subjected to motor- truck _traffie. This track approximately 185 ft. in 

| diameter, built with a a 6-in. gravel ‘sub -base a and a 6-i -in. ‘concrete ‘base. ‘The: 

finish of the base was made as as uniform as as possible, its ‘smoothness approach- 

ing that at of the ordinary conerete road, On this, twenty- seven sections of 

bituminous concrete mixtures were laid, in all of which trap-rock, Potomac 

sand, limestone dust, and Mexican asphalt “were used. While the 4 
was being laid, temporary wooden header was provided, but this 

 was removed later for the construction of the test ‘sections for concrete wear 

ae now act as the outer curve. The entire circular wes given 

hdd as, te Traffic was started on the road in October, 1922, , with a a 3-ton truck loaded = 

capacity. Until June, 1923, when the truck had made 30 000 ‘trips, none 

the sections had ‘moved, apparently. However, in June, 

‘Sate became suddenly “much: warmer and immediately the movement of certain 

sections under the traffic was noticed. During the warm weather, this move- 

i“ " _§ ment became quite pronounced, and in addition to the 3-ton truck, a 5- ton 

truck loaded to capacity _was also: placed i in operation until August: 20, 1928, 

4 when more ore than 49 000 trips had be been ‘made ‘around the road, ‘and a number 


of these sections had become SO. badly rutted and disintegrated that was 


three stages, the average air temperature at 2 


July 20, to August 1923......... 88. Fahr. 
July 6 to “August 16. , temperatures were 


increasing by ‘Highest ‘tempera ures, about Qe 


of 115° ‘Fabr. at 
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RESEARCHES ON STRUCTURAL DESIGN OF HIGHWAYS 


Wh ite lines were -across the pavement at the ‘third- 
‘i of each section (Fig. 17 )., The diagrams, Fi ‘ig. 25, give the maximum a 


: movement of these lines in the various sections. “The greatest, movement — 


always occurred under the outer wheel, no doubt of the increase 
q wheel pressure produced by centrifugal 1 force. is hoped by the proper 


of such service. tests with laboratory studies that finally there will 
= be evolved a ‘suitable test for mixtures, which will indicate their degree 


of 

tability under various conditions of temperature and loa ing. 

Concrete Wear—Cireular Track. —In order to. study. the effect of a 


different factors on the wear of concrete pavements, a great many sections 


Were built in a ‘eireular track, 200 ft. in diameter, immediately adjoining | the 


bituminous track, previously described. it was subjected to. the wear of 
machine (Fig. 17), “equipped with solid rubber tires. loaded to. 600 lb. 


per in, of width The drivin was done through two of the -rubber- tired 


= 


wheels at a ‘spee ed approximately 20 “miles | per hour. The auxiliary steel 
wheels" merely, served to guide the apparatus. “The ‘first. stage of the test 


4 consisted o of 60 000 ) runs of this machine and ‘the second si stage of shout. 10 000 


runs over ‘a new ‘path, but with two of the wheels equipped with skid chains. a 


ae results after 10 000 runs of the wearing device ararppea with skid chains 


| 


298 ot d £ 
& Data on the various i gpidie sed are given as follows, Groups I to VII, 
Group —Qual ity o Stone Coarse A re gate.— 
aggregate. . . Potomac River sand 


ee eee eee 


1 


Section 1. —Martinsburg - limestone, laid August 14, 1922 to 
—Bound Brook, N. J., trap, laid August 14, 1922 ja 

—Sioux Falls, S. Dak., quartzite, laid August 15, 1922 nits 
—Llano, Tex., ‘granite, laid August 15,1922 
—Burnet County, Tex., limestone, laid Atigust “15, 1922 
County, Minn., sandstone, laid August 15,1999 
_Esserville, Va., Sandstone “B”, laid August 15, 1922 
-8.—Bellevue, Ohio, Jaid August 16,1922 


11.—Gravel from Potomac River, laid 16, 1922 
— Plainfield, N. laid August 16, 1922 
“South Bend, Ind., laid August 17, ‘10220 
val “ Wausau, ‘Wis., laid August 17, 1922. ist 


eee eee eee 


"Evansville, “Ind; laid August 18,°1922 

4 Hancock, Towa, laid August 18, 1922 ada’ sa te 
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| 9 | 


| 9.0 [10.6] 4.1 | 23 | 13 | 
iB 145.5] | | | 23.8 | 9.4 | 23.5 | 19.0] a4 
ains. 
1a1nS A OF TOTAL AGGREGATE: SEC.) MIX. 
HALT] GRADING OF TOTAL 'No.| No. 
| MOVEMENT | ASPHALT 4-10] 10-40] 40-80 B0-200 P-200, 
MAXIMUM BX | | 44-10 | 10-40 A 
55_| 6.0 | 1. 0| 25.7] 11.7| 15.5 | 10. 6.7| 2.7 | 11 | 20_ 
| _| 5.2 6.9 | 26.0] 2.3/19.0 
Balke dss 23.6] 12.4] 19.1|13.6] 
ti gy | 7.5 | 4.3 | 11.9/28.7| 4| 7.6] 18.8]18.6] 8. 
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—Quality of Sand ¢ as Fine Aggregate — 


Section 20.—Sand Potomac River, laid 18, 1992 

Concord, H, laid August 18, 1922 

 99-— Point Marion, Pa., laid August 18, 192 

ae 23. «Wausau , Wis., laid August 21,1992 

24— “ Pon Pon, 8. laid August 21,1922 

tem Clair River, Mich., laid August 21, 1999 

Group IV —Fffect of Consistency, Time of Mix, Pr oportioning— 
Proportions: indicated, using Martinsburg limestone 


aterial-Screenings-Mine Chats-Mortar Tops 


Hydrated Lime 


in. — Scie. as coarse aggregate ond 
white Potomac ‘River sand fine aggregate. 


Section 27.—1 : 14:3 mix...4-in. slump... 1-min. mix, laid August 21, 1922 


Group V.—Quality of. Slag as a Coarse and Fine Aggregate.— ze. 


Proportions: 1:14:38 by volume, using Potomac River aggregate, 
except where otherwise indicated; slump, ; time 
‘ta of mix,1 min. gust bets 


Section 35 ‘slag, Pottstown, Pa., 24 in- in., August 25, 1922 


Section 39.— slag, Wharton, N. iy in.- picked, 1k laid August 


Section 40. —Copper slag, Copperhill, T Tenn. n., 13° in.-4 slag sand, laid 


Section 41.—Copper slag, Perth Amboy, N. 13 in.- ‘in., ‘August 28,0 


Time of mix-proportions-tolerance 


7 


te 


of quality of sand 


fine 


as coarse aggregate 


Of Quality 
Sec.38-B.F Slag Sand 
Sec.40-Copper Slag Sand 


as coarse aggregate 


of quality of gravel 


of quality of rock — 
as coarse aggregate 


“TIT 
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Section 42 slag, Perth Amboy, N.J., in. ‘in, laid August 28, 1992 


Section -43.—Chert chips (4 in.) roliéd ‘chat ‘sand, 1: 14 : 
Section 44. 4.—Chert chips: (mine-1 run) jig sand, 1:1:3 mix, August 38, 


Study of effect. 


x 


Section Haydite (burnt clay) and ol: 
after trial batch, laid August 28, 1922 


Riction. 46, —Gravel (Potomac) and Potomac sand, 1:24:5 mix,’ only speci- 
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488 ON STRUCTURAL DEE DESIGN OF HIGHWAYS | 
Group VII. —BFffect of Tolerance Material, One-Size Stns, One-Size Sand, 
in Place of Sand, Mortar ops, and Hydrated LTime.— Wa 
“hime of mix. ‘ 
7.—Martinsburg limestone, Potomac River wand with 15% 
in, laid August 29,1922 
—Martinsburg limestone, i with 15% 
Martinsburg ‘limestone, with: (15% sereenings: free from dust, 


é ‘ 


.—Martinsburg limestone, ? in.-1} in. material only, Potomac Hiver 
.— Martinsburg limestone, 3 in.-1} in. material only, Potomac, River 
building sand, laid August 30, 1922 55.08 
4. —Martinsburg limestone, 3 in.-14 in. material only, ‘Potomac River 
building sand, 1 : 1.7 : 3.2, laid August 30, 1922. 
55. Martinsburg limestone, ' Martinsburg limestone screenings, 
material only, laid August 
<(66.—-Mortar top, Potomac River sand, 1: 14, laid August 31, 1922 
BT. —Mortar top, Potomac River sand, 1 : 3, laid August 31, 1922 et ) 
—Trap-rock dresser, Junction, ‘Wis., Potomac ‘River “sand, with 
(by volume) hydrated lime, laid August 31,1922 
59. —Martinsburg limestone, Potomac River sand, with (by 
volume) hydrated lime, laid August 31,1992 
all —Martinsburg limestone, Potomac River ‘building sand, with 19% 
(by volume) hydrated lime, laid August 31, 1922 
61 limestone, Martinsburg limestone sereenings, free 
__ from dust (4%), laid September 1,1922 
limestone, limestone sereenings, 21.9% 
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other institutions in co- FD with; the aptly different phases 


of the design « of highways. _ 3 For example, the University of ‘Maryland i is deter 
og mining t the elastic properties of concrete under repeated stress and is likewise 


ma a study of Poisson’s ratio for concrete. The first study will furnish 


of conerete ow 


The of making some studies of sand-clay a and 


The Towa State College i is working on problems of highway bridge seat 


nd loads 0 on a highw 
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pie 
izations, in co- operation with 
the Bureau of Roads, dealing with other. phases of road design. Itis 


believed that the data now, being obtained will finally result in the ean of ’ more 
seientifie and tational methods of than have been 
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SAN ITATION—ITS RELATION TO HEALTH AND LIFE* 


By Grorce M. Am. Soc. C. val, 


an address before the Sanitary Engineering Division of the Society 
on January 1 16, 1923, Harrison Eddy, M. Am. Soc. C. described the 
"present status of sanitary engineering and outlined its scopes and activities. 
_ The speaker wishes to present an even more fundamental aspect of sanitation, 
namely, its relation to health and life. 


* _ The subject cannot be. discussed logically without first considering: ‘some of 


i. = words commonly used in connection with it. What is meant by health? 


‘This word comes from the old Anglo- Saxon, “haclth”. There are ‘several 
words, such” as “hale”, “whole”, “wholesome”, and “holy”. This idea 
ae of wholeness seems to be fundamentally involved. e Health applies to the whole 
a body. The common expression, “al “all right”, gives ‘the proper ‘idea. Health i is 


The word, health, is used in two ways: Absolute relative. may 


tert toa state of physical : and mental wholeness to the exclusion of some 


lower ' state, ‘that is health 1 may mean ‘ normal health or good health; or it 
may represent a Wiaieeaed relation to such a normal state, as when one says 
health, or some other variety of health. Giving the 


word its full n meaning, it is possible to analyze it, or, at least, to state” its” 


_~ Health implies organic soundness. It is stated in the Bible that “they 


4 are whole need not a physician It t implies a condition in which 


* 


me 


= 


ND & 


all the o organs function naturally and the Body « as a whole operates: effectively. 


+ implies’ also mental soundness” and In words, full 
natural health has four elements: A : sound ‘mind, a sound body, natural 


funetioning, 
‘period of time. Por example, e Dyiversity of Maryland is ¢ 
oa It i is not surprising that some people should pick out. one of these concepts 
ae and ‘emphasize it to the neglect of the others, t thus giving to the word, health, = 


fe 
—. a limited or circumscribed meaning. - Some limit the word to the eomaincs 


Sg of the physical body, some exclude the senses, some overlook the nervous sys- ‘ 

ee tem j and mental state. To many physicians, and to some health officers, health © 
merely of disease. The increasing use of vital statistics, 
& based on deaths and cases of sickness as measures of the healthiness of a com- 


munity, is ten tending - to spread this unfortunate partial use of the word. The ‘ 


Presented the Engineering Division, January 15, 1924. 
Prof. of ‘San. ‘Eng., Harvard Univ., Cambridge, Mass. beri + 


= January, 1924, Papers and Discussions, p. 3 
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is a 

desenves "There is a condition in which vitality is 
being stored up, just as there is a condition in which it is being exhausted. i 
Some day, perhaps, physiologists and psychologists will find better ways to gru 


: measure and describe health. . As an old student of vital statistics, the speaker _ 


will state that death h rates: are an inadequate x measure of the health of a com- : 


munity. Statistics of sickness are available « only for certain major diseases, 
_ whereas: the total incapacitating influence of the more numerous minor ail- “7 


ments and disorders is probably greater than that of the diseases reported. bs 
2) ‘One of the most difficult problems which vital statisticians have before them — 
' is that of finding and applying an adequate ‘mathematical index of the health 


of a To define what is meant by normal health is ‘difficult, be- 
cause the normal is not the same at all times or in all places. Biometrics is 
promising science; us far, however, it has little practical he 


One cannot get far. in a discussion of health without taking account of | - 
‘environment; in fact, it is difficult to conceive of man apart from his environ- = 
"ment. Normal health connotes: ‘a normal environment. Health is dependent 


in ‘great measure on factors. Length « of 


e factors injure 
‘stitutional phases of the classes of i injurious 


which ied 1.—There are damaging factors, which include infections, poisonings, and 
ively. more The | biological, chemical, and physical injuries inflicted by them 


tend to drag health downward. Whatever benefits they offer are only by way ~ i c 


yiron- 


“called functional factors, which have to 


with: eating and drinking, e excretion, sleep and exercise, body tem- 


perature, and growth, Depending on their character, “they” affect the body 
either for good or for ill; they may "injure health or ‘promote it; they are 
4 h; poor fc food may 


injure Good food, fresh air, proper lighting, and exercise 
tend to create a a store of vitality; poor. food, i impure water, , foul air, 


ters to. a large extent ¢ come under the head of at los ath a 
—There are also sensatory factors, that is, environmental 


the perceptions and, through | them, the bodily functions. These 
are positive or negative. — Bad smells ; and tastes are injurious ; whereas agree- 


odors. and tastes are beneficial. Excessive noise is ‘injurious; music 
beneficial. ‘Sights of ugliness and cruelty: are injurious ; beauty: is' a great 


force. In ‘these matters, the mental and the physiological are so 


intertwined that they cannot be kept apart: ‘by definition and it is hardly worth 
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y says | mental factors, however, are of especial interest to sanitary engineers. They 
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—ITS RELATION: HEALTH AND 

while to try to do so 80, if health is ¢ given 1 the peonda d interpretation w 
nences 10se which damage the 

infection, poisoning, or injury are of major importance. 


water, and food 


of even less importance these ‘minor factors which injure 
ee a health indirectly should be recognized and their influence not denied because 
ae they cannot be evaluated comparatively. — Sometimes their effect is great. totter 


et ‘Fig. 1 indicates the three classes of factors and their ‘relative importance. _ 


7 cea The lines are ‘not drawn to ‘any scale, because the ‘required data do not t exist. 
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29 ane Comorr, VITAL ABUNDANCE, ‘Happiness oy iti 


‘Although: some would limit health to the absence of disease, 


ude ¢ 
these higher. expressions ‘characterize health, but do not ot define ites Health leads 
to happiness, health i is ‘not happiness. ad 
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4s ITS ‘RELATION TO HEALTH AND LIFE 


srl 


his recent book on “Personal Hygiene Applied”, Dr. J. F. “Williams, 
of Columbia University, hus defined health as “the quality of life that ren- 


on the motive ‘for health ‘rather ‘than or on 1 health itself. “The word, com- 
a fort, ‘seems to be so ‘closely related to health as to be inseparable from it. Both 
7 _ in popular writings and in laws, the words, “health and comfort of the people”, : 
are found. It i is significant that the laws do not say health | or comfort. u The 


ideas are “conjoined. The senses are closely related both to the | physiological 


fo. - 


2 mental. ‘Throug oh them, one experiences physical 


and its may the sete, so mental state 


Beas affect th the functions of the body. . The two are not antagonistic, but com- 
‘plementary, and perfect health results. from what Carlisle called their ‘ ‘sweet 


e environmental factors previously ‘mentioned ‘deckeaile’s i 


tade ‘and duration, their influence on health be so small as to be prac- 


tically “negligible. They become mere “annoyances or inconveniences. 


slight ¢ cold, a sliver in the finger, the occasional loss of sleep, a fleeting un- 


“pleasant. odor m may annoy without doing actual injury to health. Obviously, — ah 
thee are quantitative factors and time factors which should be “recognized. 


a People differ as to their sensitiveness to ‘environmental factors. A mere tine = q 


oyance to one ‘person ma 


‘The word, is $0 largely a legal term that it ‘is not to use i 


? in any other sense. 
‘it may be an. injury to health, safety, or a 
is anything that worketh hurt, inconvenience, or damage”. ‘Modern ‘ul 
Tegal: thought adds the ideas of substantial damage and unreasonable use of a ‘ 
property. and liberty. A nuisance is a (question of fact. As eremiah Smith 
stated, A nuisance | is whatever the Court says is a nuisance” , and, of 


noyance’ may be actual injury to another. sid off on 


to be nuisances in esse. example, j in some places, the 
sion of black smoke from a chimney i is s declared by. statute to be : a nuisance; 


‘ hence, in a ‘particular ¢ case in Court, it is necessary to prove. the existence of 
the smoke, not. that the black smoke i in question injures the health and safety 


Sig 


blic health i is usually understood in a ‘general and way to mean 
collective health of the people in a given community. It is measured 


negatively and expressed ‘very. erudely in in terms of birth ‘rates, death Tates, 


sickness rates, and the like, little account being taken of what may ‘be called 


the minor diseases and “departures from health and no account being” taken 
no sitequate definition of 
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RELATION 1 70 ‘HEALTH AND . LIFE 


public health has been formulated, the term. has ‘grown in until i 


has become almost. a fetish. is replacing the word, health, in 


Ways... State Boards of Health are becoming Departments of Public Health. 
Schools affording trai ning in. this branch are called “Schoc ols. of Public 
Health”, whereas the term, Health School, would be better. 
adjective, “public” limits. the. word, “health”. Health is more inclusive than 

Public health. The International. List of the Causes of Death contains the 
titles of more than two hundred diseases, all, of injurious: to. 

health; but of these diseases only about. fifty a are commonly declared . by 
health authorities be dangerous to. the public ‘health. These are chiefly 
more serious of the ‘communicable diseases. d ‘Yet, at present, “many of 
newer activities of health departments are being devoted to would 
seem to be individual health rather than public health. © Without questioning | 
awe desirability of protecting and even promoting individual health » there i is 
— serious question as to’ how far it is just, wise, and economical to ‘spend 
moneys for individual Some argue affects the | 


sound |; argument, for the 
rate i : , some of 


= 


a, th 


ities individual 


health x remains -jndividual; in a city, the concentration of people causes 
3 all health to be public health. It is. someuhat. anomalous that at the same 
time that the broad term, health, .is being superseded by the narrower term, 


- public health, in governmental administration, the functions of health depart- 


the environmental factors which affect the. public. health are con-— 


the uncertainties ¢ are still greater. Infections, such as typhoid fever, 


which are broadcasted tl through polluted water or milk, unquestionably affect 
2 the public health; ‘and so. do infections which form a continuous chain from 


person to | person, ‘as in the case of common colds, venereal diseases, and infec- _ 


tions which are spread by insects. There are infections, however, | which are” 


essentially personal and which do not to any great extent spread from person 
to person. There ; are some poisonous factors and accident hazards which are 
; fe likely to. affect ‘many people and there a are some which can affect only a few. : 


ae The factors which influence functional activities ane the senses affect indi- 


viduals more > often than large groups of people, ‘but factory which ‘spreads 
~ irritating fumes t to such an extent that n many “people a are functionally ‘injured L 


25 through their s senses, may fairly be said to injure the public ] health. Ie a 
This distinction between injuries to health and injuries to. the. 

health would be of great importance if it were not ‘for the fact that the police 


ae power of the State, the common law. - principle under which “Governments we 
is) not limited to. public health, ‘but deals with health. ‘The distinction 7 


tween benefits to health: and benefits to. public ‘health i is important, because 
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_ Although a nuisance is ‘something for ‘the Courts to decide, utblic’ nuis- 


ances have sometimes been given a a statutory pauglllbes: New “York State, the 
Penal Code defines a public nuisance thus: 


» fh public nuisance is a crime against the adi and economy of ‘thé State 


aul consists of unlawfully doing an \ act, or omitting to perform a duty, ee 


Annoys, injures, or endangers the comfort, health or safety 
_of any considerable number of persons; 0 
Unlawfully interferes with, obstructs, or tends to ‘obstruct, renders 
O88 eotaa dangerous for passage, a lake or a navigable river, bay, stream, 


snc or basin, or a stream, creek or other of water which has 


‘any way ren 


of this statute are grouped: together lend form a not unlike that of 


whereas decency is ‘set apart, perhaps, as a a moral: factor. 


= 


i, In deciding whether something, as, for. example, a disagreeable smell, is a 
public nuisance, it ‘is necessary to consider its magnitude, distance, frequency, 
and duration of occurrence, incongruity as to time and place, its cause with 
reference to unreasonable use of property or liberty, and the number, , char-— 
acter, and condition of the people affected. hess wanes 
a might be justice for the Court to ignore a strong odor if: very rare, = : 
a more frequent odor if mild; to ignore a certain odor in an industrial. dis- be, 
trict, but not in a residential district; to ignore an odor that prevails in the ~ 

day time, , but not at night; ; to ignore an odor i ina sparsely settled Tegion, ‘but j 


not in a populous region. Consideration should also be given - to the effect — 5 


of the alleged nuisance on persons in feeble health as well.as on those in 
ordinary good health. nti ad ar ft Sato 


SANITATION AND PUBLIC SANITATION 


Sanitation is the art of "securing and maintaining a clean environment 
for the protection and promotion of health and comfort. common | par- 
lance, emphasis is. placed on this idea of cleanliness. Things which have to a 
do with safety to life. and limb, such as safety appliances against accident or 
‘Hire, are usually not included under sanitation; but, on the other hand, mos- 
Parito suppression is included, even if it is not ‘strictly a matter of cleanliness. 


Those parts of sanitation which ‘Telate to communities than: ‘to indi- 


~ 


ters ¢ as: Water supply and water purification (2) plumbing sewer- 


age sewage disposal, and river cleaning; (4) disposal of industrial. wastes; 
(5) street, cleaning and collection disposal of municipal: wastes ; 


trainage and mosquito control; and (7) air supply. ¢ and purification. 
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some the s sanitation 0 of is a question of architecture 


ather than of engineering. At an any rate, there are in architecture 
“problems: of plumbing, heating, ventilation, lighting, basement drainage, 


a “ds It may be worth while to consider how the methods and equipment « of the 


1.94) 


Mew 
and against unpleasant. tastes and odors. “The of water. ig, also a 


“itt Sewage treatment, river cleaning, and the ‘disposal of industrial wastes are 
less important than water purification as far a as damage by infection or poison | 


is concerned, but, as sensatory factors, they are very important. 


. Faulty. plumbing is. only a slight | damaging factor, infections, poisons, and 
accidents being very infrequent. It may, however, affect the senses of smell, 
sight, or sound, and may have an influence on the quality of the air, . hence on 

ng Good plumbing promotes h health by « encouraging . the use of water. 

ie ‘Inadequate heating and ventilation are chiefly functional factors, involving 

| breathing, temperature control; sleeping, exercise, elimination of water, and 
growth. are also sensatory and damaging factors. 


Garbage disposal is: of, very little “importance ¢ as far as infection is con- 


a? 


me sg Street cleaning involves problems of damage by : infection satiated. 


_ the sensatory and functional elements are ‘more important. i _ The same is true 
ot other phases of air ‘sanitation, ‘such as smoke control. ton: 


“4 “and ventilation, plumbing, lighting, artificial illumination, and noise preven- 


y tion, attain their greatest importance as s functional factors, although problems 


of infection, accident, poisons, and the senses may be involved. The more the 
=. speaker studies the subject, the, more he is impressed with the supreme im- 


_ portance of what i is called “housing” on h human health. | Housing i is referred to 
i. in its broad aspect, from city planning and the regulation: of building on the 
- one hand to house-keeping on the other. ‘The effect of housing is unlike that 
of the sudden infection of a water supply—spectacular and fearsome—it is 


< slow and insidious and influences health and growth: through the senses and the 
functions. Mathematically, this relation is obscure, illusive, and intermixed 


with the factors of poverty and ‘ignorance, yet long experience shows that : it 


ists. Rat-proofing is a phase of the housing problem which has. a distinct 


Bhs ‘Industrial sanitation has problems which include many of the’ foregoing. 


idents poisoniings; and infections but there's are also functions 


"functions; whereas clothing sanitation has’ a functional. 
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o attempt has been made to analyze these.activities earefully.or i in detail, 
it they deserve thought and are often brought in question in n the | Courts. 
fet An important point is that the object of sanitation is not merely to prevent 


injury to health, , although it is largely that, but also to promote health. Water 


we re & is filtered to make it clean, not merely to remove the germs: of disease. Clean 

| water is health promotive, , whereas a chlorinated dirty water is merely health — 

D t j protective. Sunlight and | ‘pute in abundance are emphatically health 

16 

promotive agencies. These positive benefits of sanitation are too often -over- 

oison-— looked, The ‘speaker believes that there is a moral power in cleanliness ; and 

also. a that good sanitation contributes’ ‘not only to the elimination of disease and 


_ positive betterment of health, but to those elements of life which make for 
men and women and a higher type of civilization, 
AT; ‘There is a tendency on the part of some health officials to belittle sanita 


mat ; Some, to emphasize the infections in their personal relations, and to ignore the 
s, and | importance of environmental conditions apart infections. From the 
smell, standpoint of disease they are right; from the standpoint of health, ‘the 
nce on _ speaker thinks they are wrong. It is probably true that overflowing cesspools, — 
water. | unclean yards: and apartments, defective plumbing, dirty cellars, smelling 
olving garbage, and smoke, odors, and fumes from factories have a relatively small 
r, and jnlnemes on the death rate as compared with the effect of the major infections. a. or . 
which pass from person to. person, or when compared with gross abuses of the 
is con- laws of hygiene. Yet the speaker thinks it true that sanitation “is still and 
always will be the foundation sound public health. Before the days of 
nt, but Pasteur, an unclean environment was thought to be a direct cause of disease; — 
is true ‘it is now known that the effect i is not direct, but indirect. - Living organisms, ‘ 
eal not the dirt, are the active agents. Yet, the influence of dirt itself is there and ye 
ctor in § must not be neglected. To give a single example, the incidence of tuberculosis 
ee among stone-eutters, has been found to be directly proportional ‘to the propor- a 
neating § tion of silica in the stone-dust. American health workers in France have stated ss 
preven- that it is almost impossible to instill into the minds of the people the import- e 
oblems ance of living hygienic lives, if in the cities in which the: ‘live no adequate 
ore the § 4ttention is paid to the disposal of fecal matter, sink 1 wastes, animal manure, me: 
ime and household refuse. The speaker’s- ‘students have written about their work 
cred to | 2nd from everywhere the same story is told—sanitation is the foundation of eo 
on the § health reform. We cannot have a sound mind in a sound body unless we have 
ke that Clean bodies in a clean” world. Dak 
ye nixed Yous It is important not to confuse the legal status of sanitation with its govern 4 
that it mental administration. Granted that sanitation affects health and ‘that even 
distinct minor matters of sanitation may be justified as health measures, it does n not 
Pct necessarily follow that all sanitary activities should be carried out by the boards 
regoing. of health. _ Prior to the days of applied bacteriology, the control of sanite- 
nctional tion was the traditional and almost the sole function of the board of health. 
| In recent years, the emphasis has | changed from the environment to the person, a 
ng, and from sanitation to preventive ‘medicine and hygiene. _ Furthermore, govern- 

_. & Ment itself is changing. Force is being supplemented by service. The fu anc: 
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tions: of local “health boards and departmente ‘are accordingly 


being altered. day, the ‘compulsory features of public health administra- 
are being overshadowed by the service features. Laboratory diagnostica- 


tions, the preparation and distribution of biological products, child welfare, 
* infant welfare, maternal welfare, : and the like are in full sv swing and are receiv- 
ing increasing appropriations. It should be remembered that these matters 
ae supported under the taxing power and that | appropriations are justified 

- only i in 80 . far as they a are for the public benefit and as far as the results warrant 
ty cost. Public economy, not altruistic idealism, should control governmental 

“a service. Altruism blossoms as a flower in individual lives, dispersed by 
‘government, its 3 growth is is and demoralizing. 5 Governmental attempts to 
expensive. 

At present, some of the ablest health officers are to shift the 

of minor ‘matters of sanitation, often spoken of as “nuisances’ ’, to ‘the police 


_— departments, to turn tthe collection and disposal of refuse over to the = 


are facing a possible. administrative cleavage between the “new 


‘as it is sometimes called, and sanitation. hers. 


In health in other branches of there 
dency toward the single executive type of ‘may be 


and quasi-judicial functions of the older board of health. It j is 


natural and proper that the executive. of a  single-headed health department 
should be. a doctor of medicine; it is also natural that. a doctor of medicine 
Pa should be more interested in and more competent to handle matters of health 


4 on their personal side than to deal with. matters of ‘sanitary engineering. If the 


single executive e type of organization i is. to remain, it may: be wisest to separate 
Sanitation, from the health departmer 
uniting t the various ‘environmental factors into a new Aepartment of govern 
‘ment. in charge of a sanitary engineer. vod 
_,.. A serious objection to this separation would be that the people, their polit- 
ical representatives, | and even the Courts, would gradually come to hold the 
is distinct from health; and this would lead to loose] 


application of the police power in matters of sanitation and to a possible low: 


the word, health, as a-club to patent; appropriations secure 
needlessly h harsh reg ulations, or to. bolster up systems of license for plumbers 


OF. engineers, od bl as vistinea tac dt wollot 


= ithe speaker does not favor this administrative : separation, : at least as far a3 
. State departments are concerned. He cannot forget the phenomenal succes| 
the Massachusetts State Board of Health i in its early days, for a 
eae. quarter of. a century two men dominated its activities—one a physician, the 
other a an engineer, Dr. d the late, F. Mills, 
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Tt seems that ‘the proper - balance between the ‘a an 
istra- 3 relating to public health can best be secured if the 


stica- organization is that of a board of health, the membership of which includes nc . 


not 
lfare, only physicians, but an engineer, a lawyer, a business man, a man ufacturer, — 
eceiv- 


4 ‘and a farmer. At present, the service activities appear to be paramount in 
atters 3 
f 


interest and 1 receive the largest appropriations, but any one > who has served ir in ‘a g 
State department of health knows that the quasi-legislative a1 nd quasi- judicial 


funetions are exceedingly important. In the speaker’s opinion, a board com- 
rental t posed chiefly of laymen can legislate better than an individual or a group’ 


a group of 
ed by specialists. RG Perhaps, a satisfactory arrangement would be to have a State int 
pts to a of health with two ‘principal departments, one of epidemiology and hygiene, and 


| of sanitation; the first headed by a physician trained in public health, the 


urden | _ other headed by a sanitary engineer also trained in ‘public health; the first e 
police - taking care of health on its personal side, the other dealing with environmental 


lepart- | problems in the interest of health. — A subdivision of a health department which e 
er the _ makes sanitary ¢ engineering merely one of half a i dozen divisions unduly mini-— 
rt, we | mizes the importance of the environment as a health factor, and leads to 
ealth”, budget and an inferior | engineering ‘personnel. 


activities, if removed from the local board of, health, 


irrant 


erely a 
yn. that 


economy, for in placing ‘refuse collection, street paving, ‘ete., 
ng thet in a street department or a department of public works. . It would be a a 
. It is _ convenience to prospective builders if all building permits, covering construc- , 


tment tion matters, plumbing, ete., could be concentrated under one head. 
edicine 


a ten- | 


‘main thing to keep in ‘mind i is the principle ‘that health is “dependent 
on two factors: Man and his environment. The pendulum must not be allowed hie 
to swing too far in either direction. speaker is certain ‘that : an engineer — 
separate is well within his prerogative when he counsels equilibrium in the various activ- 
safety, ities which haye to do with health 
The present status” of sanitary engineering 18 in some respects not what it. 
should be. In the U. ‘Army during the World War, matters of sanitary 
. a loose fs engineering were divided between three departments: The Engineer, the Quar- 


ble low- termaster, “and the Medical. . In the Medical Department, the Sanitary Corps 


was a catch-all and not a well- -organized branch of the service. Its” officers did 4 
not have rank and grade commensurate with their service or an equality with © 
olumbers the: medical officers. In the U.S . Public Health Service, the engineers: do 1 not 
| now have the same status as the medical men. It is time that leaders in educa- \- 
tion, in public health, and i in municipal government gave serious sonbideration’ 

to ithe’ of the Sanitary Service. It is time that ‘the Federal 

va - Government took steps to re- organize the sanitary work | of the U. Ss. “Public 
cian, the - Health Service and the Army and the Navy. This. can be done better now, i in & 3 


ls, times of p peace, than at some future time when an emergency arises. 
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personnel bill to ‘promote the e efficiency « of the Public Health. Service, 
which among other things authorizes s the commissioning of sanitary engineers q 


and gives them rank, , grade, and p pay equivalent. tor medical officers, has. been . 


prepared by the U.S. Treasury Department and presented to Congress for con- 
en Engineers: should stand solidly behind this, measure as a a first step — 
promoting the status of ‘sanitary engineering in the U. Public Health 


Service. ‘With engineers regularly commissioned, it will be easier to organize 
into a a separate section or division of the Service, a second step. which 
should soon f follow the first. _ At present, there are only about ' twenty- five sani- 
: .- engineers in this Service; there is no sanitary engineering branch of the | 
Hygienic 1 Laboratory ; no engineer on its Advisory Board. _ Yet, there are far- 
reaching sanitary problems which should be receiving attention at Washington, Be 
problems of the pollution of interstate streams and coastal waters, problems of 
water purification and the protection of ground-water supplies, problems of 
Tefuse disposal, air pollution, and the like. The speaker does not ‘mean an 
extension of Federal control over these matters—believing that State adminis- 
tration, State co-operation and organization of river districts offer better solu. 
cee tions—but scientific studies carried on in a way that can be done only by the — 
ae Federal Government, , with ample means. and an able personnel. The S. 
3 Public H Health Service is now not well balanced as between snerdical officers an and — 


_ Another example of unbalance may be seen in the American Public Health” 
_ Association, the ‘Association which, par excellence, represents | public health ; 
in this country. Although : it has an active: Section of Sanitary Engineering, 

there is now only o: one practicing sanitary engineer among its forty-five elected 

= Counsellors; in 1923, there was: none. Ih the programs of the general sessions 
oof ‘the annual meetings, there have been practically no papers or addresses deal- 


= ing g with problems of environment. ~The blame for this situation lies with i 


engineers as well as with the medical officers. Sanitary engineers. fail to take 


cers are too much engrossed in that ‘side ‘to give deserved attention to 


an interest in ‘the personal ‘side of health protection, and medical health offi- 


‘4 A The | “International Health | Board of the Rockefeller Foundation h 
engineer member. The Health Committee and the Health Section of 
= Secretariat of the League of ‘Nations have no engineer members, . Sanitary 


isd 


iq engineering i in the State departments has been better recognized, and the if 


age results ; are evident. In cities, there is much to be desired, but before local — 
administrative plans are determined, the main question should be given thor- 
ough ‘discussion : Shall ‘public sanitation be s separated | administratively from 


public health, or shall there be co-ordination on an equal footing? 
The number of students electing sanitary engineering in engineering s schools 
: is at alow ebb. . Itis is now difficult to obtain enough well educated young engi- 3 


‘neers. more students soon pe: a. serious 


q 


tendencies not confined tos sanitary engineering. 
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robable that, in 1 the past, sanitary en ineering | programs were poo 
P 


ie structed, that the attempt to educate sanitary engineers by combining i Sa 

a ing, chemistry, and biology in substantially: equal parts was a mistake. iy -_ 
sounder ‘method is to develop the civil engineer first and. then en lead h him 
‘the special field of sanitary engineering asd oH te atin 
gt The status of sanitary engineering has been referred to, not because sa sanitary 


engineers are dissatisfied with their lot—few of them are—but because the 


his ‘ability t to determine relative values, 


Health is tot life, but state, quality, or con ition of life. ‘Sanitation, 
hygiene, and all other health agencies are but means to an end. ‘Their chief 
_ purpose should be to develop richer and fuller individual lives and a higher | a 


- civilization. To save life i is not enough. ‘What i is ‘the gain in saving the lives a 
oof children in the slums, if they whose lives are ‘saved must always live _ ae 
slums¢_ ‘Human happiness and usefulness, not mere longevity, should be the 


goal. Tt may be argued with ‘much force that the health promotive agencies — 
_ which act positively and contribute to fullness of life are really more important: a 


than those } protective agencies which act negatively and merely prolong life os, 
~ rit 


without advancing it to a higher plane. Let it be remembered that throughout | 
F a man’s | life until old age sets. in the chan nee. ‘of living is greater than that of 


dying. |The quality of life i is of ‘more account than the event of death. 
This j is said to be a ‘material and pleasure-secking age. At the same time, 


it ‘is called the age of the engineer, the | age of 7 power. if these statements are 


true, a great responsibility rests on the engineer. be There i is a strong =r ol 


for to lose sight of the great elements of ‘life. time- honored chy 


‘Professions: of theology, law, and medicine are fundamentally ‘per sonal in the baal ha 
service they render; the ‘Engineering Profession” is not only newer than the 

others, but deals chiefly with materials and natural fore es, a nd its benefits are a 


collective rather than individual. Engineering will be recognized as a 


a ak fession 0 only as engineers give personal disinterested | service and as they make 


people re realize te: close elation of their work to life, liberty, and the pursuit 


the factory, and the growth of Cities can be se seen a a of ‘science eand 
engineering; one can see the early evils of industrialism leading toa 


torian era. i Then ¢ came Pasteur, the science of bacteriology, and ‘the n new ww public 


> health. . Now, with advanced ideas of industrial humanics, housing, and le 


planning, we are entering (on new era of and 
engineer mus 


already upon us. “The age of power is becoming the a age of super- -power; city za 

Planning has already. become regional planning; decentralization of population 

is coming. | The new problem is not so.much how to educate a few sanitary 
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eng .eers, acl how to ‘elnieate all ¢ engineers to work in the interest of health 


sanitary engineer especially comes” close life Imowledge of 


wea 


. _ biology is fundamental to to his” success. His work is a ‘contribution ‘to the 
great elements of life. He has opportunities to protect and Promote health 


lakes, and ocean shores, to build ‘structures, to utilize 


q 


4 he alive possible the of noble! city plan . Through =. 

cleanliness, he makes it possible for the beauties of architecture ' to be revealed: — | 
The r00 ‘motive, already evident in New York, resulting 


from the restriction of building heights is an 1 outgrowth of a sanitary demand ~ 


for adequate light and air. __ Through insistence on individual responsibilities q 


in public sanitation there is being developed a moral rm of duty anda spirit 


of operation, which | is the very soul of civilization. J 
: It is well, at times, for sanitary engineers to stop and look at these things, 
+2 and even to indulge i in a little self-conscious professional pride, in order to 


young men to enter this of work. engineering is a 

worthy, beneficent calling; it offers a - sufficient living, opportunities or 

scientific achievement i in varied ‘fields, and many pleasures. Those who began 


_ work at the time the spirit ¢ of Pasteur was stimulating all public health a, 

have witnessed striking changes i in living conditions, due to ‘improved sanita- 

tion of air, soil, water, food, streets, houses, factories, and | 


They have seen, pestilences yield to science; the art of water 
J accelerate until a grossly polluted public water supply i is now almost a thing of 


Rei: past; and the art of s sewage treatment push toward the goal, but ‘with many 


hel is to: save cities from their ¢ own colossal folly. 


BS seeing young men from all parts of the world coming to ‘America to learn the 
e ont. 

- arts of sanitation and health promotion and : returning to their several countries 


= practice them ‘and teach them i in their own universities. World- wide sani- 
- tation is looming ahead as a Twentieth Century possibility, for an age is fast 7 | 


approach in, in the environment is the world. 
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REACTIONS FOR AP 


i 


cussions of this paper, it i is pointed out that the moments occurring 


out the unsymmetrical arch are the same as those which occur ” the sym- — 


7 in two such structures, however, will not generally be the same at correspond- F 
ing points, because of differences in the dead loads. 
The subject-matter of the p: paper will be valuable mainly to those who use 
‘the method of coefficients for the statically indeterminate quantities, 
nd M,. _ These coefficients are the values of these respective quantities which 
are obtained when a “unit load is ‘placed on whe at any desired point. 
avin 


obtain 


It that the one arch may be projected 
by any number of ‘parallel projections into the axis of another symmetrical © 


arch, and that, provided ‘the ring- thickness functions, 4, in the new arch 
bear a a constant ratio to the | corresponding values in the original arch, the a 
coefficients, . M, and V,, change, as follows: M, and M, change directly 


as the span; H, changes directly as t the span and inversely as the rise; and 


‘equilibrium polygons, is 
“thus: changed by a any number “of ‘parallel projections, the new force and 
equilibrium polygons will be correct for the 1 new symmetrical arch. The he scales 
of the drawings may change i in the projection. Similarly, an influence line 


arch may be Projected i into another “influence lin line for arch. 
ofessor Rathbun’ general projection of symmetrical axis into an 


"successive ‘projections from an original frm into, sym- 


Discussion of the paper by Carl B. Andrews, Assoc. Am. So 
December, 1923, Proceedings, 


Prof. of Eng., Univ. of Hawaii, Honolulu, Hawa 


La Received by the Secretary, February 16, 1924. 
|| ‘Arch Coefficients,” 
{ Proceedings, Am. Soc. 
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YMMETRICAL ARCH 

use of thus extended by the process ¢ of = 
projection from an original form into other symmetrical or unsymmetrical fe 
forms, may result: ina great sé saving of labor in the design of. any particular | 
arch, provided the coefficients | have already been determined for a basic arch es 

of, a form which will p project into a suitable arch for the case in hand. An _ 
engineer specializing in arch design should be able, by the use of coefficients 
variety of basic lighten his computation work k materially 
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[ODIC LUCTUATIONS OF RAINI 


* 
Discussion* 


i 4 (by letter).§—The studies pre-— 
sented i in the paper. were ‘made i in the latter part of 1921, and Table 12|| shows 
the: application of the eyclic theory made at that time, giving the expected 


_ monthly precipitation 0 of the East “Maui water- shed for 1922, and 1923. 
no 


been done. n Table 14. . The improvement to the cyclic 


i this 2- -year period is 7. 8% of the standard deviation of the | similar estimate 
without the cyclic theory, whereas the average error is reduced 5.66 per cent. 
| rs a: total discrepancy for the 2 years is 20.20 in. by the eyclic theory and 45. 14, 


by the ordinary method ; an improvement ¢ of 55 ‘per cent. an appli-_ 


cation to future records | of course, » the test that, will determine the useful- 


[ro 
r. Grunsky. states] that the available “observations from many parts of 


of the is also real. In F ig. 6," two curves 
“marked, “16- Year Record—6 East Maui Stations” and «16- Year -Record—147 


both ‘suggest the existence of the smaller ceyele within the 3.7- year 


the: sun- period, tt i it was found that the finctuated considera ably 
synchronism with ‘that of the main solar cycle. 
4 able in the Hawaiian records, although | as it does" not now seem possible 


: _ predict the duration of a sun- spot period in advance, it is not possible : as yet 
this variation i in the preparation of estimates. similar difficulty 


Synopsis ‘of his article, it ts that: 


Proceedings, Am. Soc. C. E., October, 1923, 3719, 
** Loc. cit., October, 1923, p. 1707. ae 3 
“be ti “A Possible Rainfall Period ‘Equal to On 
Alter, Monthly Weather Review, February, 1921. 
§§ “Temperature Variations in the United State 
Monthly We mer Re iew, February, 1 1921 


&§ 
ig 
M 
a real one, and not att b ] 
By... 
an 
Civ. Engr., McBryde Sugar Co., Ltd., Eleele, Kauai, Hawaii. 
‘Sun-spot Cycle”, by Dinsmore 
lsewhere”, by Alfred J. Henry, _ 


DISCUSSION ON or RAINFALL IN 

Both tropical and temperate zone stations show very clearly the r persiit- 

ence of short period variations of about forty months period. | One of the chief 
_ characteristics of the data is the tendency of any marked variation in the tem- Re 

is perature to be followed by another one of opposite phase almost immediately. ad 
While this tendency amounts | to almost certainty, it is useless for forecast 

7” ‘purposes because there is no means of discovering the precise duration of any 

TABLE 14. COMPARISON N OF OBSERVED “AND PREDICTED RAINFALL, 


jordinary| cyclic’ | rainfall. ..4-- Col- 


el oi of 
bi 


7. 19 

48.20 4.58 
18, 0.48 
op 


= 
aS 


80. 


.18 
-62 


Qj 


7 deviation. 
‘Standard ‘deviation. 


ot gidiezoq won tog ties dywodile 
Mr. Grunsky states that the Hawaiian data are 


the existence of a periodic suspected, a strict and conclusive 


em alone, this will be saoatihe for many years. It is to be ‘hoped: 3 how- 


ever, that the co- -ordination of studies from different parts of the world, espe- 


cially where long- term tropical records are available, ; will hasten this Guic. 
Mr Hall+ asks how the 3. q-year period was chosen for The “steps 


were about as follows: First, it was noticed that the rainfall of a ‘single sta- .. 
_ tion—Kailua, Maui—showed a definite tendency toward : a 3 or 4-year period. 


* Proceedings, Am. Soc, C. E., October, Pp. 1714. 
343. 
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DISCUSSION ON FLUCTUATIONS OF RAINFALL IN HAWAII 
“This w was discovered in plotting the record for use in n run-off e estimates. The | 
-Hiterature available suggested 11.1 years, 3.7 yea years, 15 months, as possible» 
= ‘theoretical periods. _ As the 38. 7- "year period was of about th the length sought, the fic 


attempt was made to fit it to ) the ‘extended Hawaiian record ‘of Table 2,* with 


Referring again to Mr. Hall’s comments, it s true, of course, that acci- 


dental effects: are far larger than any ‘systematic v variation p In 
4 the Hawaiian Islands, the effect of the undisputed and very real annual cycle 
is so heavily overlaid by accidental variations that a considerable length of — 
os record is needed to determine its true effect. This obscuring of systematic 


by the great accidental variations: is inherent i in the nature of 


Goubtedly have been p ago, and its would be 


easy ‘and the proof self- evident. | ‘The intent of Fig. 9+ and its discussion was 

exactly to eliminate such an impression. ‘With all that is known of the causes 
and eyclie. tendencies of Hawaiian rainfall, an estimate of the rainfall - or 
given future month has a probable error of id 35° per cent. If the cyclic © 


theory can reduce this probable error from 40% to 35%, as indicated by the 


records thus far studied, ‘the writer believes that a ‘significant result has been | Pe 


es tri Mr. Hall : raises the question ‘of the economic value of an improvement | in =. 


the knowledge of Hawaiian rainfall by such an amount. The writer believes Bo 
that every such in the knowledge well repays the effort 


involved. The ‘Hawaiian sugar industry has annual value of about 


f $60 000 000 derived from a cropped a: area of 115 000 acres. A large part of this e" 


4 consists of a gamble i in regard to the rainfall. For an average planta- 


‘tion, with the “usual rainfall variation, a 8% error: in determining the most 
economical area to cultivate will entail an average loss of $2. per acre ar a 
vested. This ‘would Tesult in an annual saving of $230 000 for the ‘Islands. 


The studies indicate that a a cyclic influence of this : average magnitude may be er 


: a In conclusion, it seems apparent that a rigid statistical proof of the reality Bg 


of such systematic variations in precipitation as have been studied must await <9 


the accumulation of longer: homogeneous records than are now available, but. 


‘that, experience with the Hawaiian records indicates that similar studies 

engineers and’ ‘meteorologists dealing with ‘tropical: problems: will n ot nly 

hasten the day when certainty may be attained, but, in the meantime, 
7 of such data has a fair r chance of giving greater accuracy and precision to 

rainfall ‘estimates and ‘thus increase their value to the industry for which a ” 
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ON BXPERIMENTAL DRAFT 


J. RHEINGANS Jun. Am. Soo. C. one of the four men of the 


crew. who assisted in making this series of tests, the speaker 


Bi 


this discussion’ ‘ especially in behalf of the Hydraucone and its designer, Mr 


OW. M. White. bis nol f THVOD ib d saved hotdun rok, 


hee During the past four years, hydraulic ; engineers have devoted more time ad 

es effort to draft-tube design than ever before and justly so, due to the ever- ae 

; ing demand for higher efficiency and to the fact that draft-tube design has not 
ie kept pace with the design of runners. | This y phase. of turbine work received its 
impetus in the fall of 1917 when the Allis-Chalmers, Manufacturing | 


submitted the White Hydraucone, with other forms of draft-tubes, to the then 
a: Hydraulic Power Company at Niagara Falls for comparative tests. On the 
; _ publication: by Mr. White of a papert in 1921, the subject of improvements in 
_draft-tube design was brought before the Engineering Profession. Soon 1 tubes 
of various shapes were designed, ‘theories formed and. presented to the public, 7, 
experiments performed, so that this might be designated as the. “Draft- 
Tube Age” in hydraulic turbine design. ata 000 000 
Much has been written, about the advantages and efficiencies of. the various 


of -draft-tubes. Some engineers based their claims on tests in private 
ic laboratories, others, on the ‘results in power plants, but. She 
‘parisons “were always tainted. with commercial considerations. The Alabama 


Power Company i is, therefore, the first to have a series of tests made on a large 


ih ‘Because of the high efficiencies obtained with the White Hydraucone and 
x because of its radical departure from the shape of the curved draft-tube, it is 


natural that the later designs should use its fundamental principles. 


Just. what is meant by “hydraucone” 4. The following i is from the Hydrau- 
| cone Patent (No.. 1 228 843), filed by. Mr. White, in 1915: Bay 


“By the term ‘hydraucone action’ of water I mean that action. the water 
BY which oceurs as the stream impinges against the surface and i is deflected there- 
_ long”. _ And, again, “In the drawings I have shown the hydraucone chamber 


-eonical or convex or concave. ‘The shape of the. free may be 


~ with flat bottom for an impinging surface, but such impinging surface may be 7 d 


“The -Hydraucone Regainer, Its Development and Applicatior 
tions, Am. Soc. Mech. 1. Engrs., Vol. (1921), p. 266 


_ * Discussion of the paper by C. M. Allen, M. Am. Soc. C. E., and I. ‘Winter, a 
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different upon the form of base used. make the walls of 

the chamber to a shape which provides an enclosed conoidal chamber of slightly 5 
a _ increasingly greater capacity in the direction of flow than that required to S 
conform to the shape of the free hydraucone which would tend to form on 


be simplier than this? Iti is desired to regain the energy ina 


stream of water by reducing ‘its velocity and, at the s same time, changing its 
ab direction. Let ¢ a ‘stream of water impinge against 2 surface, which, according 
OR | to the quotation from the Hydraucone Patent, is not limited to a flat’ surface ae 
a 4 but may also be conical, concave, or convex. The shape of this stream as it a 
et + impinges against: any given surface i is determined by any of several methods and a 
193 around it is built a conoidal chamber of “slightly increasingly greater” capacity 
the | ' in the direction of flow than that required to conform to the shape described. 
_ i 4 _ This will change the velocity of the water into pressure and, at the same time, 
change its direction with as little loss as possible, 
‘The term, hydraucone, is u used i in its broader sense as defined i in the patent ; 
: in its physical aspects, this form is characterized by the radial flow from oe? 
center line and by narrowness» of the throat vertically. (Both 
nat hese features are common to all the leading tubes described by the authors. 
md = The significant point of this whole series of tests is its complete justification — 1s 
| é the hydraucone principle. As a matter of fact, the profile of the best hydrau- 
the 1 cone, the best spreading draft- tube, and Wellman- -Seaver- Morgan tube are < 
— almost identi cal; together they compose a distinct class radicall different Oa 


ahes 7 : Tn Fig. 31 is shown the hydraucone (Type B) superimposed | on t the Well 
Seaver- Morgan tube. (Type H). Two of the important fundamental fea- 
tures. of the hydraucone are the shape \ of the conoidal chamber (the part, A- a 


Neen 4 and tl the distance, B- C, sometimes | called the throat opening. | These features cor- 

-— -& respond closely i in the two tubes. “Starting: where the water discharges from the 
vate 


runner, the hydraucone is shaped so. that the area is increased until, at the e 
central ‘part of the» curve, A-B, the area begins decrease until the 


opening has been reached, after which it increases. — This feature i is shown in 


on Fi ig. . 82, in which the areas at different sections are plotted « as ordinates. ee 
+ Fig. 33 shows the areas of the Wellman-Se Seaver- ~Morgan tube plotted on 
similar basis. The forms of the curves from. the two draft- tubes are nearly 


a It cannot be emphasized too strongly that a single : series of tone pe this ki 


should not be taken as applying to hydraulic turbine. settings in ‘general, but 


only to the par ‘particular runner and the e particular setting under investigation, 
~ as pointed out by "the authors. Unfortunately, as far as general conclusions 
are concerned, the runner has the smallest wl irl component in ‘it 


“Be the “most uniform velocity across its ts discharge of any with 


be which | the speaker is familiar. -It is due to this fact that all the tubes ‘appeared 
y be such good advantage, even some of the older curved types. I is only 


it the light of a large ‘number of similar test series 3 made with ‘runners ‘differing — iF 


in type, characteristics, and size, that general conclusions may be 
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rehensive test program. This is mentioned on account of the danger | a 


rawing broad conclusions: from an ‘isolated series of tests. Keeping these 
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— Type B-White Hydraucone 

TYPES B AND H SUPERIMPOSED 


mind, attention is called to of the. present group: 


_ There has been considerable discussion concerning the value of high edd 

the « draft-tube. Referring to Fig: 21,* it will be noted that. the tube with 
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high cone gives a maximum 0. 2% hig er than ‘one with a: flat 
plate, assuming the correct curve for the latter as that drawn between the 
circles and triangles representing the two tests. The maximum horse-power 


ta is the same in both cases, the only important nt difference being 1% increase in 


> 
efficiency at half load for the high cone. Ya, ods inst onagiall 


ay 


. _ Thus, it is seen that the maximum eMeiensy:i is only 0.2% lower, while the = : 
maximum horse-power i is actually greater without a cone than with the high > 
‘cone for which the tube. was especially designed. As far as efficiency and 


horse-power are concerned, the. high « cone in this type of draft- tube, and fora 
‘Tunner 1 with a specific speed of 70, is of no special benefit. This is ‘possibly 
explained by the small amount of, rotation in the ‘discharge. These cones 


are found to be of advantage in certain instances, ast for runners of POE 
‘specific speed, have no appreciable advantage and, consequently, their 
form is not always utilized for commercial installations. _ Runners of certain 


specific speeds, notably the higher ones, operate more advantageously with a 
conical center in the hydraucone. For this reason, cones were used in some 


wet 


owl Another. interesting result is the increase in efficiency with certain changes oa 
“in the Moody spreading draft- (compare Fig. 12* with Fig. The 


of the throat was. increased from in. to 43 in. and the diameter 


of the bell from 3 ft. me in. to 3 ft. 103 3 in. 7 The corresponding | dimensions of ae 
the hydraucone are 448 in. : and 3 ft. 113 in. Also, the shape of the conoidal — = 
of the Moody tube was changed to conform more closely to the shape 
of the hydraucone. ‘This shows that the efficiency of the Moody tube i increases 
it conforms more closely to the dimensions of the hydraucone,. 
Incidentally, the numerous -changes—smoothing out curves, etc. —made i | 


all the other tubes, were not applied to the hydraucone, the original design a | 


being used. This is evidence of the intimate knowledge of the hydraucone 
; action of water on the part of ‘the: engineers of the ‘Allis-Chalmers Manufac- + 


rar 


turing responsible for its it were build 
q 


the ‘hydraudone has more than 10 years. The confidence expressed 
in it by hydraulic engineers is evidenced by the ‘fact that using this prin- = 
ciple, the ‘Allis- Chalmers Manufacturing Company “to “date “has” ‘installed 


1020 000 h.p., , or one-tenth of the developed horse-power in the United States tes. 


x noteworthy among the are the 70 000-h.p. unit at Niagara 
Falls, which i is the largest single unit in the world, ‘and the twelve 45 000-h. va 
q units for the Quebec development in Can ada, ¢ comprising a total of 540 000 h.p. 
the rag single turbine contract ever awarded. 
From a study of the results obtained with curved draft. tubes, it will be 
noticed that Type E is prominent. . This design js based on the flattened elbow 
by Gardner Williams, M Am. Soe. C. E., early a as 1911, and due 
credit should be given to him as a pioneer in developing this of elbow 


ee Bre Soc. C. E., November, 1923, p. 1830. 
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ON “TESTS ON EXPERIMENTAL DRAFT- ‘TUBES = 


59 


‘seni M, whieh is a meidification’ of Type E, does not give.a fair we 
with the other tubes i in this series of tests, since it is 3 in. higher; this changes 7 
the conditions of the 1 test, because all the draft- tubes. were built to conform 
tele one height. Iti is well recognized that, within certain limits, the ¢ greater the 
distance from the discharge of the runner to the floor of the tail- rae, ‘the oy | 
‘efficient the draft- tube which can bet built i in that space. at 
As the speaker was a witness to these tests from beginning to end, can 
certify to the strictness and excellence of Professor Allen’s supervision and to a: 
x the care, precision, , and correctness which obtained in making the various read- 
ings, computations, and diagrams. ot Wherever there was the slightest question 
as to’ the ofa test, or ‘the setting of the apparatus, an irmediate 
Z Y check run was made, and all conditions which might have caused an error were ie 
et _ inspected and checked. © The main consideration was the accuracy of the 
results and not the with which tests ‘could be made. tat 
eng ay There is one feature of the tests which might have ‘affected some of ie ; 
_-Tesults obtained. 1. All the the draft tubes were of wood, which when dried out after 
immersion for some time, had a tendency to warp. “As there was quite a lapse 
_ of time between the first and second series of tests, this v warping was especially 
‘Roticeable on draft- used in both series. of the draft-tubes, for 


ally constructed to withstand | the warp- 
‘thick walls of hard w “wo od and painting them with a 


4 
le 


a "opportunity to discuss a series of tests of ‘this nature, to Professor ‘Allen for ‘ 


untiring efforts “overcoming y all the obstacles: of the work, to ‘the 


ie oy Alabama Power Company for disregarding costs in favor of actual facts. i 


yd adi to ont te senobive ai 
Lewis F. Moopy*, Ese—In preparing» presenting this paper, the 


authors have made available many useful. data. would have added still 


“necessary to a complete understanding of the turbine performan ce secured 


with. the draft- tube model, designated as Type 1 K, as it. will be noted ‘that the 
: ie tests made. with, ‘this tube, as presented i in Fig. 23+, are limited in scope, cov- a 
a i ering only one position of the central | core or cone and not including any tests 
2 be with the form of core shown by dotted ‘lines in Fig. 21}, that is, where i. 
central. core is carried completely. through the. tube, beginning 
cs at the runner. The results of these additional tests. are shown in Fig . 84, 
Soiths together with the curves: for Tubes H and K taken from Fig. 26§, and a revised ~ 
— curve for the same setting of Tube K made after correcting the adjustments of 
instruments, The highest: curve shore the, results. attained -with Tube 


canipned with its high contra Mamet 


by. Allen had been included. _ These ‘supplementary tests are really 


335. 
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ON TESTS ON 


000 000 total horse- “power. This discussion refers: to the of this 
e ‘x form of tube | as compared. with that of others. ‘Any i impression that the best | a 
a results were given by a form of tube other than the spreading draft- tube, = 
hs be shown from a study of the paper to be unfounded. | | This fact would have oe 


“4 been made still clearer, if the supplementary t (Fig. 34) had included 4 
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sport 
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Driginal Test Revised 
RiGee 
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ai ‘TYPES H AND est 


RIGINAL AND SUPPLEMENTARY TESTS 


in the ‘paper. However, the ‘data’ published are sufficient to show that the — 
ae 
_ Spreading form of tube, as embodied i in Tube H which conforms strictly both a 
in general formation detail design t to the of this type tube, 
various 


on close. ‘study. noe 1 d, DAG tad gid 


The speaker believes that few engineers consider e ven ‘ones half of 1% 


difference i in ‘turbine efficiency unimportant; 3 in addition to this aspect. of the . 


. i question, it should be considered that the turbine used was not of high ‘specific. a 
a speed, and that a ‘small difference in turbine eflicieney represents a material 
7 difference i in the performance of the draft- tube itself. - Thus, when the turbine 
is operated with Tube K equipped with a , high central cone, at its point of best — aes 
‘efficiency, velocity head of the: water discharged from the 
between and 1% of the total head on the ‘turbine. “Therefore, the greatest 


effect in turbine efficiency that adr tube Produce i the 
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DISCUSSION ON TESTS oN EXPERIMENTAL DRAFT- (Papers. | 
of this particular turbine, if its efficiency varied from : zero to 100%, Jo, would be 7 3 i 


“Tess than 7%; a difference in turbine efficiency of 1%, therefore, would imply 
‘a difference of 15% in draft-tube efficiency. As regards the best turbine per- i 
formance obtained and that next in order of excellence, these involve differences _ © 
. w: in efficiency of the draft-tubes themselves of from 7 to 15. per eent. In the « case 
of Tubes K and the difference is nearly 45 per cent. turbines of higher 


speed, these differences would be greatly magnified, not only to the rela- 


J tively higher velocity heads, but to the greater whirl or rotational compo- 


in 1 the velocity of from the runner. of 


the great ‘difficulty w with earlier of of ‘draft-tubes from 
a attempt to receive this ¥ whirling stream and to turn it through an 1 angle of p 
0 degrees. not only prevented the re regaining of the energy y represented 
by the ‘whirl components, but involved heavy induced losses in the entire 
“flow caused by the improper treatment of the whirl. The spreading tube 
"designed to handle ‘effectively the discharge from the runner whether or ‘not 
it contains these velocity components, 
Even: with machines of low ‘specific speed at normal gate, there i is rarely an 
entire absence of whirl. 
a high whirl. . The use of elbow tubes involves the risk of serious ‘vibr ation and 
ot unsteady operation, and the adoption of the ‘ ‘Spreading” tube i is strongly justi- 
fied even when ‘the possible gain in maximum ‘efficiency is not great. The 
authors mention that the pressure fluctuations in the draft-tubes. were 1 
Es to be le least with the most efficient tubes; and ‘if the draft head i in the tests had 
Pi : approached the values existing in full- sized installations, the fluctuations i in ‘the 
inefficient tubes would have been greatly intensified. With turbines in which 
effective draft- head approaches the barometric limit so that fluctuations 
_ may cause a break in the water column, or in turbines supplied by long pen- | 
stocks in which serious water- hammer or vibration may result from unsteady 


ental 
draft- ‘tube disturbances may have serious —— 


1 


Attention, should be. called to one point, of “importanee in considering the 


parative tests” i is used i in the 
- title of the paper. To be fairly comparative, the tests should be made on draft- 


tubes 2 all of high: conform. the: same space restrictions. Thia. is not true of 


me 


of tube. and horizontal distances: center of the to 
:.. _ discharge end, but the other ‘models exceed one or more of these dimensions. 


Thus, the spreading tube; H inyolves deeper much 


tube. af “The fact, that, in spite. of 
K gives: the best efficiency is creditable to this type; fone 


tia hoteror qo 


a recent torte; carr ried ont ‘at,,the P. Morris under the 


all the models. “tested conformed to the same space , limitations, and in which a a a 
turbine e of ne specific speed was 1 used ‘than in the tests described i in the | 
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tube amounting to 1%. more for the ‘tube next in order. It 


: 3 unnecessary to repeat the results, as they have been published. — It should be 


mentioned that Mr. ‘Winter, one of, the authors of the paper, represented 
#fL b Cooper and Company and the Government on these tests. . Itis gratifying 
toh be able to note the general agreement of the conclusions derived from these _ 


ons derived from 
later tests with h those of of the tests described. 


Birowarp Tavtor,* Esa. ie teats described confirm ‘@number of con- 
_—_ elusions derived from many t tests carried out during the past few years in the we 
Bs P. Morris Laboratory of the William Cramp and Sons Ship and Engine rn 
Be _ Referring to the repeated statements by the authors that 7 


the tests are “by no means comprehensive or final” and that “the relative merits — 7 
gy of the modern tubes are not easily determined from these tests” , the speaker 

feels that such qualifications are not needed. Considering the’ large num-— 
ber of different models tested and the large number of adjustments made 

. on each model, the tests are decidedly comprehensive, and although no develop- - 
ment work in engineering can ever be called final in a strict sense, itis believed _ 
= certain definite conclusions can be drawn from these tests. As the — 


properly. states, although t the tubes and ‘runners were designed for specific 


ditions, ‘ ‘vet a direct comparison of the performances should afford a basis for e 


would be of value in ‘designing tubes other 
ditions”. 


Dn 


to arrive at the proper the speaker believes that the 
facts determined by the tests should be: stated with a greater definiteness. 
= In presenting any concise conclusion : as to the ‘ ‘relative merits of the modern — 
tubes”, the authors have perhaps found it difficult: to choose . a proper termto 
_ describe the type of tube which developed the best results ; for example : ; 
different manufacturers” furnished ‘models or designs for the same type of 


tube, under different: names. The authors, viewing these tests entirely as ga 


problem in scientific research, have quite properly stated the results. without 
- reference: to the right of any ‘manufacturer to furnish a given model of draft- 

tube. On account of their scientific value the Cramp Company has also 
"desired to further yi tests and not to place obstacles in the way of such > 


is much concerned to see thet proper credit for rindi’ is given where it Willies 
‘and that there shall be no general misconception regarding the identity of — 
best type of draft-tube. He therefore desires to emphasize the following 


First— The by the P. > the Cramp 
and designated i in Table 1} as “Moody Tube”, and Type ] H, 
constructed by the Wellman- Seaver- “Morgan Company and designated “Con- 
eentric : Tube”, are both, in fact, Moody Spreading Draft-Tubes. The design 


a this tube has previously been published; and the use of such a tube under a 


a 


Vice-Pres., The William Cramp & Sons & ; Pres., 
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‘ON: TRETS oN’ "EXPERIMENTAL DR -DRAFT- TUBES 


different name should not entitle the company furnishing it to secure 
‘its performance. Comparative cross-sections of the model tubes H and K — 


ate! presented in Fig. 35. It does not require any close analysis | to recognize i 


= 


to 


4) 


SECTION A-B 


ad 


if 


waldo: 


OMPARATIVE CR SS-SECTIONS OF MODEL TUBES H AND K 


—Spreading Draft-Tubes A, H, and K, were equipped with both 
high and low central cones for the purposes of comparative tests; examination 

Figs. 12, and shows that although the data given for Models A 
Me and H refer to both low and high cones, the information presented for Type K 


covers only the low cone arrangement. Although the results, for Models A and 


Bg? _showed_ that in both cases the high « cone gave the best results, no corre- 


Pe 


onding information has been. furnished regarding Model K. _ Moreover, as 
 gonteaated with the other tubes, the information for Tube K comprises merely _ 


4 
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— 


one particular vertical adjustment of the central cone’ (which, later, ‘was 


= - fortunately, this is - available, that is, the test of Model K was actually 
completed using the high cone furnished with this tube, and the tube was tested 
adjustments of both cones. These thet ‘higher 


the | curve presented by the a _ results of all were 


 sS ig. 36 shows some of the results, those for Type K having | been taken from 


: ‘report by Professor Allen to the Cramp Company c covering a continuation of — 
“the tests described in the paper, and confirming the conclusions reached with - 


with 
“Models A and H, ‘that “ ‘a high central cone is a desirable feature i in a tube of 

in vole. coglap out rowel. 


als 


both we See subsequently in the I. P. Morris Laboratory. Not only “eo et 
the tubes, ‘Hand K, ‘Similar, but ning give efficiency curves re similar + form, i 


a longer passage andy requires deeper gives a 


With» regard to the termination of the original ¢ series of tests before com- bes 


‘pew data had been secured on all the tubes s tested, the speaker desires to os 


ing experiments. The desire t to set : an n arbitrary limit on the work ¢ can — 
be understood, but until it is shown that further | efforts would not alter the 7 
results, no series oft tests can fairly be be considered to have reached a termination. 
‘Although it is true ‘in ‘this instance that the additional tests mentioned serve 
rather to reinforce than to change the conclusions of the ‘paper, they 
valuable for this very purpose, and since they are distinctly pertinent to the” = 
subject, ‘there i is no reason why they. should be omitted. 
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| 8B In the supplementary tests of Tube K, by re-adjusting some of the instra> 
ments higher results with the low arrangement were secured than are 
o.. embodied i in Fig. 23, these corrections amounting to from 0.3 to 0.5% better” 
‘efficiency and 0. 1% increase in maximum ‘power. These results, however, did 

not upset the conclusion that the high cone gives: the best solution. 

“von All the models tested were ‘intended to fit the conditions at the Mitchell | 

a A pend plant of the Alabama Power Company. Tt will be noted, however, that 
eS is considerable variation in the limiting dimensions of the © various models. 
All the tubes except H conform to given space restrictions, 


1 


ad 
We ib an extension of 87.1 ft. in the large development at ‘Mitchell ‘Dam. -With- 
ae out this” extension, th the efficiency was about from 3 to > 2% lower and the 
maximum power was 0.8% lov lower than the values shown in ‘Fig. 26.* This 


horizontal length of ‘discharge passage was | perhaps of secondary importance 
ae 4 in the Mitchell Dam . plant o1 on account of the long discharge passages through 


the dam peci uliar to this plant, embodying the Thurlow method of suppress- 
; “4 ‘ing the back- water; it would be of of considerable importance, however, in a station — 


of the ordinary type. A still more important] limitation i is the vertical height of of 


turbine above the bottom of the draft-tube. ‘Variations i in the models cor- 
respond to a range of vertical heights from about 30 ft. to about 40 ft. in | the 
large plant. Thus, Tube M, the best elbow or “eccentric” tube, ¢ even without 


- oy. the 3-in. vertical | extension, would : Foquire an excavation more than 6 ft. ae 


ar 


= 


son of the transverse sections of Tubes M K 
St notable improvements have been undoubtedly ‘shown in design of 
"elbow tubes within the past few years, and the performance of the best elbow 

~ tubes j is thought by some 1 engineers to fastity their use in plants where first cost, 
ee considered to be ‘of paramount importance. It is ‘the speaker's firm | opinion 

n ti sometimes entirely too much emphasis i is placed o on first cost of that part. of 

- the plant which includes the water passages and too little on providing the best 
obtainable design and | securing every possible saving in efficiency. [al First cost is, 
i of-¢ course, an important factor, but so also is efficient operation, day i in and day | 
: out, over a long period of years. _ Often a plant, originally built with the idea 
that. a considerable surplus: flow was: available, which could not be utilized 
4 "economically, has been expanded i in a few; years ° to the point where nearly every 
of water i is utilized. and. where efficiency, at first considered relatively 
wf unimportant, | has become. a controlling factor. ‘Fortunately, there are many 
engineers who are perfectly. willing to install the. » best design that can be 
ebtained whether in the turbines, themselves, in the draft- t-tubes, or in other 


elements of the is true: that ‘the spreading type of draft- tube 
rt. 
as usually involves a somewhat greater amount. of form work, but simplifications 

are continually being made, and, even in ‘extreme cases, the difference i in cost is 


not an important, item i in the complete development. The drat. tube ed the | 
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| transverse space, but. depth and. down- stream length, than | a 


the generated. surfaces of the ‘spreading tube, and it requires practically the: 


spreading tube, byes} org TS dose to nal itnoih at 
aid An examination of the various types of draft- tube described by the authors 


will show the marked effects. which the new types of the “Hydraucone”. ond 


thout 


eeper 
pari 


inion 
art of 
e best, 
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q “spreading: draft- tube” have had. The most successful of the elbow tubes are 


those which approach: most closely to the principles of the spreading tube. or 
those of the White Hydraucone. ‘It will be noted, for example, that Type. J : 
which j is similar to Type H, , but with the central cone omitted and the eommetsy 

‘ ‘impaired by cutting off the. ‘upstream. end by a ‘vertical transverse plane, shows 
the effect of this mutilation by : a loss of nearly 1% in turbine. efficiency. ; 

It should be noted further that the performance curves do not as 
ow as half Toad and that the relative performance at small gate- openings: is a 
iA Since the completion of the tests described by the authors, another series 

“has I been made i in the I. P. Morris Laboratory, for the U. S. War Department, 
under | the direction of the representatives of Hugh L. Cooper and Company, the a 


‘read of which tests conform i in a general way to 1 those shown in this paper. 


In the later series, however, a runner ¢ of considerably higher specific : speed — 4 


“used and, as might be expected, ‘the ‘greater ‘relative amount of the 1 rotational 
ei of velocity at the runner - discharge and the relatively higher veloci- a. 


ties magnify the differences 1 in the performances of of the various tubes and ‘show 
a greater relative improvement in the performance given by the spreading. tub be Sa 


_ Although, as stated | the authors, the runner was runner built 
by the Allis- Chalmers Manufacturing Company and designed to be homologous _ 
the 130- in., , 24 000- h.p. runner furnished by that Company for 
m”, it is found, on investigation, that the specific speed. corresponding to . 
Ps 2 000 h. hp. 7 70 ft. of head, and 100 rev. per min. , is. 76.5, whereas that of the — 
model runner was only 66.7. This is unfortunate, a a runner of higher specific 


"speed would have: provided a better basis for the purpose in view and ‘would aM 


have: emphasized the distinctions “between the performances of the various 


draft- -tubes. The "speaker prefers, when possible, to “test draft- tubes using 
turbines of a somewhat higher specific speed than will be required in a full-_ ” 
sized. installation, as this will better insure the operation of the large unit 
ou under the varying conditions usually encountered, such as varying head. 44 ‘The n 
results of the tests: for the U. S. Government and the ‘Hugh L. _ Cooper. 
Company have already been boblished 4 in n the technical journals and need no 
The deficiency of ‘ths nodal Funmer’ ii ‘speciiie speed is shown t both in 
Fp failure to deliver ‘a sufficient power output to correspond t to the specified capacity ae Pi: 
at Mitchell Dam and in its too slow speed when ‘operating | at the point of best 
- efficiency. The speed for unit head on which all the curves are based is 136 
a - rev. per min. for the model, a value which’ is best ‘suited to most of the draft- 
tubes, but which does not ‘correspond to the speed o of the large units s at Mitchell a 
Thus, it is found that the model should be operated at a speed 


a) 148 ‘ev. be min. under a 1- ft. head, instead of 136; o1 
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would have to run at 92 rev. per min. instead of 100. For the purpose 
indicating the effect of such a change, Fig. 87 is is s presented, showing the = 


cles secure 


a speed ti the unit is still deficient in power output, the draft- cas conditions will | 
correspond | to ‘those v which would exist with a runner of higher ‘specific speed. ‘ 

The curves demonstrate that the relative improvement in the performance ot 


th 


ms the turbine, due to the use of the : spreading draft-tubes, H and K, is even more 
_ marked under these conditions than at the lower speed of 136 rev. per min. ti : 
be’ _ Attention has been called 1 to the > progress made i in the 1: last few years 3 in 1 the 


pa of draft- tubes of the elbow type. ‘Iti is ‘natural to expect that tubes of — 


| - spreading type will also be susceptible to improvement; in fact, considerable 
improvements h have already been made and further ‘adits eth are now bei 


rf 


at 


81 
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In conclusion, the. speaker would “summarize the results ‘of ‘the “pests rhiade 


Professor Allen and Mr. Winter, as welll 2 as the tests for the U. S. Govern- 


ment, as showing ‘that of all tubes the ‘symmetrical “concentric” or 


e spreading type is superior to any tube of the elbow type, and that the spreading 


a central. cone starting immediately 2 at discharge, gives the 


2 by. testing t the models. under identical conditions, and yet all the | curves are 
based on a of rev. Per m min., , which is considerably below the equivalent 
models should have” the. same space 


E. ae The authors state ‘that; a comparison of definite value could be obtained only 
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Papers.) DISCUSS ION ON ‘TESTS ON EXPERIMENTAL L DRAFT-TUBES- 
ol, it 2 dimensions of the various models that the teste are hardly comparable. — = 
e of these limitations been met, the models | of ‘the spreading draft- tube would have 
this speaker desires to call attention to ‘the assistance which other ‘A 
will a - power companies can render to the progress of engineering by making appro-— 
peed. for experimental work similar to that for the Alabama Power Com-— 
se of pany, described in this paper. _ Whether this work is done by the power 
more companies directly or by operation with ‘manufacturers, it should be done, 
“Eee as it is necessary ‘that engineering evolution should continue in the field of ue 
n the hydraulic ‘power, in which the possibilities for further advancement 
f the particularly valuable, and by no exhausted. 
wer Esq. (by letter). +—The officials of the Alabama Power 
being 
Company deserve great credit: for their work i in authorizing this large 2 
oe a7 of tests in order to determine the comparative efficiency of various types of 
| draft-tubes; even. “more so do they deserve credit because they have allowe 
tests ‘tb be made public. Although a great number of tests of various 
types of draft- tubes and 1 regainers had been made heretofore by different : 
wit at ufacturers, never to the writer’s knowledge has there been a series of tests as 7 
beet ‘| complete and as impartially conducted.and published as those described in this “4 
In Professor ‘Alley, the Alabama Power Company obtained a | thorough, 
| orn 6 most impartial engineer for this work. The + writer has been present at several ae 
ere: 4 power- -house tests conducted by Professor Allen, including | those under discus- 
sion. ‘Such testing is extremely delicate; and when all the variables are taken 
pit zs. _ into account, the writer. doubts whether it is possible to obtain accurate results — 4 
dtiw within 0. but feels sure that these tests were made with every possible pre- 
nook similar paper$ was read before the American. Society of Mechanical 
Engineers, in “May, 1921, by W. M. White, Manager and Chief Engineer of 
ipast- the Hydraulic Department of the Allis-Chalmers Manufacturing Company, and 
25 a commented. on by George R. ‘Shepard, Engineer for the Niagara Falls Power a 7 
Co ompany. ‘The reason for conducting the Worcester tests is almost identical 
th those which actuated the Niagara. Falls Power | ‘Company in 1918, The = 
Power Company had purchased three 24000-h.p. turbines under 
; manufacturer's "performance ‘guaranty, based on the use of the > hydraucone 
cod ‘1 form of draft- tube, and wished to satisfy itself that this was the most efficient Ee. 7 
type. Similarly, the Niagara Falls Power Company wishing to install three 
reading. 500- h. turbines, , and desiring to determine the merits of the elbow 
rround- hydraucone types, § conducted tests, as a result of which the other water- 
ives the | vheel manufacturer installed concentric tubes similar in design to that of the ce ea 
draucone and obtained the wonderful 11 turbine efficiencies of 98%, from both 
rves are 
Hydraucone Regainer, Its Development and Applications in Hydro-Electric 


ON TESTS ON EXPERIMENTAL DRAFT- (Papers. 


| tubes of the -hydraucone ‘endl Moody type appear far superior to: 


elbow type of tube. The runner used throughout the tests had a specific speed 


of about 75; the Pitot tube traverses across showed a uniform 
velocity with almost no angularity at the point of greatest efficiency. 
combination is almost ideal for any type of- draft-tube. The writer believes 


= from which the water discharged with a greater whirling component, the dif-— 


ference between the elbow and the concentric or hydraucone types. have 


that had these tests been conducted with a less efficient runner, or with -—_ Es | 


‘ 


mh. The design of Tube M, as tested for the Alabama Power Company, should Tt 


= we be accredited entirely t to the engineers of that. Company, since > it bears a. 


close resemblance to to the tubes which Gardner Ss. ‘Williams, M. Am. Soe. C. 
for ‘the plants of the Detroit Edison Company’ at ‘Ann Arbor, 


ing, Tube M was developed after the com- 
- pletion of 1 the other tests, asa modification to Tube | E which was furnished — 
‘the ‘Allis- Chalmers Manufacturing Company. should also be stated that 


2  : ube E was the « outgrowth of the designs of the Allis- Chalmers Manufacturing — 


Company, | and Mr. Williams, and used extensively on the plants for which | the 
former Company furnished the hydraulic machinery, and for which he was 
A great deal of credit, should be given to Mr. Williams for the 


wiht 


“spreading of tubes; second, that ‘the’ eurved ‘type, if 

de 

efficiency, ‘when using the same runner. i is ‘of ‘great benefit 

the Engineering Profession and, ‘particularly, to power companies, | since Of 


4 the two the cost. of building a curved type of draft- tube i is much less. i. Further, F 7 


the inereased power obtainable ‘with the curved tube from the same runner and. ‘ 


Petes ow. 
Ral other parts reduces the cost of total development per unit of power. 
Eas. In 1916, the writer designed a curved type of draft-tube, which, when tested 


c: at Holyoke, “Mass., , Showed 12% higher efficiency and 2% 1 more power than 
the old, large opbidien, eurved type of tube, somewhat similar to Type B. Pitot 
ee measurements on tubes of the large radius type showed that the water . 


pe skipped the inside of the bend and set up ¢ a large v whirl, with a counter- -current 
be immediately a adjacent to the inner surface of the bend. “The v velocity at the out- 


side of the bend was high. The new curved tube had a smaller radius at the 


"inside, was not as high in horizontal section at the bottom of the bend, but. = 


flared ‘out much wider’ at the bend, ‘and somewhat similar to Type E. 
It found ‘that this. tube had a ‘positive velocity at the inside’ of ‘the 


34 bend of | about two- thirds that ; at the outside, and that the velocity at the out- 
was much less than the form. 
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— tubes have been developed i in this same series of experiments. 


DISCUSSION (ON TESTS ON EXPERIMENTAL DRAFT- TUBES 
In 1919, 2 2 saidion of tests were made at Holyoke, to deterrnine ‘the effect of 


a shallow tail-pit and the proper outline of tail-pit for best conducting the a 

water: away from the lower end of the draft-tube. It: was ‘found that the 


* bottom of a vertical conical draft-tube could be lowered until the throat 
height was approximately | 0.3 of the diameter of the lower, end of’ the tube, oy = 


without any choking effect ; also, that the best results \ were obtained when the a 


— of the tail- -pit was symmetrical with respect to the center line of he 


‘Sip “May, 1992, Mr. Karl Enz and the writer ‘started a series of draft-tube — 
tests at the Wellman-Seaver- Morgan Plant, which were continued | until ‘the _ 


wor 


summer of 1993, In all, about sixty ‘different designs and types of draft. tubes, 
4 elbows, and discharge casings ‘were developed and tested. Two of the most 


4 efficient tubes tested during - the first two months were § sent to Professor Allen’ a | 


and are noted i in the paper as Tubes H and J. “ties then, other more efficient _ 


tie 


It is to be noted ‘that the s size and shape of the water passageways of 


‘Tube H and Tube are entirely different any of the other tubes. 


4 
and quiet at the end the tube. 
if 


effective only as far as the lower end of the vertical section. ‘The tin 


that a high-s speed runner, one of the axial flow type, has a great 
deal of whirl at the discharge; this is erroneous. wert 


he He has tested axial flow runners without draft- tubes, that is, forms from 
these conditions, the greatest angle of whirl measured was ‘ess 20° 

from the vertical, even when operating at the lowest gate- openings. _ This is 
“Hittle, if any, more than the whirl at discharge from the runner used i in ‘tie : 


tests. Furthermore, it is generally thought that the discharge from a 


speed, axial flow runner always whirls in the direction of the revolution 


runner. This i is not true. The discharge at maximum a efficiency is 


Tests made a at a plant i in n Michigan, by @ 


ardner S. Williams, ‘An. 1. Soc. 


gave a higher maximum efficiency than a tube of the concentric 


type. Both units had the same design of. axial flow runners. A great deal of 


credit is due Mr. ‘Williams for being the first to depart from the old accepted — 3 a a 
~ long- -radius type of curved tube. In 1911, he waived manufacturers’ eficiency 
= and installed his own design of draft-t tube in a a plant in in | Southern i 


Michigan al his. v was followed by several others on the E 


C. E., show that a curved tube somewhat similar to Type ] E (which he designed), *€ ue 4 
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DISCUSSION ON TESTS ON TUBES ‘(Papert 
eeding one aoring a shorter radius of bend in the draft- tube and a aril 
The authors? “experience in measuring the vacuum at outside of 
- tube, near the band of the runner and at the center of the tube, just = 


runner, bears out tl that of the writer on a unit having a low cone at the 


bottom of a concentric -draft-tube. It. was found to be very difficult to 


: chronize the unit: . AD piezometer placed at the center of the tube, below the — -" 


Vit 


runner, showed, at 0. 1 gate- opening, | also » at 0. 6 gate- ‘opening, a pronounced q 


pumping effect or surging at. the center | of the tube; one instant the water 
would spurt from the ‘piezometer tube toa height of 15 ; © and the next, the 


tube would show a vacuum of 20 in., ‘at the same gate- opening. A ‘curved draft- 
“as 
~ tube, i in the same plant, maintained a steady vacuum at each opening, without = : 
writer is firmly convinced that where a cone is used on a 
Ta 


eal 
- eoncentric type of tube, it should extend up ‘to the runner, in onder to obtain nD 

freedom from vibration 


age ers. oxre tar ston, ad 


11%, at full gate, between the best and ‘poorest tubes; further, that the three 


“types of curved or eccentric tubes, M, and E, showed the greatest amount of 


> In order to indicate the care ‘exercised by Professor Allen, and the accu a 


a - racy of his testing, the writer submits the en curves, Fig. 38, 


+47] 


0.16 0.17 018 019 020 022 0. 


the test made by t tH Alabama Power Company in 1922 on Type J : 

one made in the summer of 1923 ‘on the same tube, which with 


Bes testing ¢ apparatus had to be re-set on the same small turbine. As there v = 
_ only 0. 4% difference i in efficiency, for a smal] range just above the peak of the 


= 


curve, and only 0. difference i in power, at ‘full gate-opening, i it is to be seen 


mis is important to note ‘that the ‘total range in maximum power is about : | 
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ON TESTS» DRAFT- TUBES 


basi Allen exercised great care in making all his 


seri ubes has n bene to 
- Profession, which again is indebted to the Alabama , Power Company, to Pro-- 


- fessor Allen and to Mr. Winter for the authorization and able conduct of the 
is te to. be hoped that i in n the future these tests will be supple- 
~ mented by further comparative > results of. a like nature, which course, it is 


4 believed, will receive the earnest. ‘support of the manufacturers. 


st rip E. 8. Linpuey,* M, Am. Soc. C. E. (by letter). ast —The writer wishes to note 
a the means of measuring the hook- -gauge reading at the level of the measuring 
a weir. The x means adopted, shown i in Fig. 10$ and described on page 1 820§, is 


os the best that has come to the writer’ s attention. In the method devised by | the 


writer, a simple special -gauge—home-made of sheet metal—makes it possible 
e to save the cost of the second hhook-gauge and the accurate machinist’s level — 


ay “Fig. 39 shows this special gauge, the 

point, A, corresponding to the ‘internal: 

at the left of the gauge, B, to 


to the zero of the ‘scale, these 


and 


of points being « on one straight line; 


ratio, Bec: AB, is the 3 magnification which can 


the pond above t the m me: 
A, rested on some point of crest, alll B, to. 


f level. DBE represents the water surface, D being » vertically below A, so that | 


is the measurement required, and E being on the. semi- -circle. and 


_ BEC both being right angles, the ratio, EC: AD = the fixed ratio, BC: AB; . 
the graduations for the scale are ‘marked on the semi- -circle 


rection for hook- -gauge readings i is then known, gobo" 
Re £ * Executive Engr., 

Received by the Secretary, February 27, ‘1924. 
Proceedings, Am. Soc. C. E., , November, 1923, p. 
gg § Am. Soc. E., 1923. 
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OCBAN- ‘BE ACH ‘ESPLANADE, SAN PRANCIBCO, 


CHARLES p M. Am. Soc. C. E. (by letter). ¢—Shore protection is 
an most ‘interesting phase of civil engineering, and one in which the fail — 


-disappointments—are_ probably, more ‘numerous ‘than the ‘successes. 1 


forces of ature to. be resisted 01 or controlled in such problems are so variable 
in character and intensity as to make solution particularly difficult. ‘This is not 
i field bering the etients can enter a and, Pears aid of of a a textbook or two, analyz ze 
the »sions, confident ‘that he has 


chieved an e economic design. The ripest. experience and broadest judgment 


are needed, for every problem is different in its basic c conditions—the forces 


to be considered and the results desired. Because of the “uncertainty of the 


nd forces involved, this field of engineering is one wherein more is to be learned Ps 
_ from experience than from theory. For this reason, the profession is | greatly # 


: indebted to the author for so” fully describing a sea-wall which is adequate, 


in appearance, useful, and, apparently, permanent. 


The author has outlined ‘the | exposure of this locality. and the numerous 7 
previous failures. thy would have been interesting to know the exact location | , 


oa of these previous sea- -walls with reference to high and low-water marks, the q 
design and method of construction, and the probable cause of their. failures. 
or it. is 3 axiomatic that often more is to be learned ‘from. failures than from 


importance of this ocean- -front boulevard to. the of 


Calif. justified a adequate ‘measures, Att he. time, 


ubtedly, ‘the chief factor in the design. was safety—protection. of the 


boulevard. and the property behind it. ‘This can be attained in one of two 


ways: By y avoiding attack, or by a strong resistance, t 
z ar Father Neptune is a jealous’ old fellow who not only resists all encroach- 
‘ment on | his own domain, but often makes. forays beyond what is commonly 


_ considered his boundary. Therefore, the farther Jandward a sea- wall can b be 
Bes located, the safer it will be. ‘The chief cause of sea- -wall failures is the 


a endeuut to steal from Father Neptune what rightfully belongs to him, that is, 


_ Placing the wall too far seaward, in order to reclaim the maximum land area. 


‘This can only be done | with a strong hand, and at great expense. 


a _ * Discussion of the paper by M. M. o Shaughnessy, M. Am. Soc. C. E., continued from 
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“sidered, and the. structure as far. as consistent with. 
quate width for the boulevard. Doubtless, a lighter wall would have been pos- 
- sible, if placed farther back, but the v: value of the land necessary W would probably 


have been greater than the amount t saved it in wall construction. oy, Conversely, 


more land might have been reclaimed by placing the wall farther seaward, but 


ata much greater hazard and a consequent necessity for stronger design. — 
Comparison of. the cross- “section of this wall and the relative elevation 1 of 


-high- water level with | the e details 0 of some of the best examples of sea-wall, con- 
struction in Europe, such as Clacton, Bridlington, and Blackpool, ‘England, 


or Scheveningen, Holland, is instructive. — it will be found that 3 in these older 4 


_ types, the high- -tide level is well above the toe of the wall. In the case of the m 


“San F rancisco sea- wall; however, it is that t the toe o of the slope is 


between 3 mean high and extreme high tide, and 1 the wall has aay placed : sufi 
: Jandy iward that the 


ft. extreme high tide. 
a the project, and truly s 


that “discretion iy’ better part ‘of valor.’ 


Proper location does solve the entire problem, however. "Many walls have 


failed—walls which through several years have appeared to be well located, 


an unusua 


storm, with its fierce, on-rushing waves, has driven its forces | far y 


landward of the usual limits. Then, ‘no) matter “how heavy the wall, if it pre- ~~ 
sents a straight, unvarying front to the attack, the situation is perilous | in the 


extreme, for the on- rushing wave is thrown upward to a height proportional to 


1) OF 


i 
the square of its velocity. ee this. wave falls at the toe of the wall, it scours oad 
material,, and, in retreating, carries .the eroded material with it. 


_ In the effort to prevent this, some sea- -walls have been given a curved cross- 


‘section, as. at Galveston, Tex, i in order to deliver the back-wash approximately 


parallel to the beach slope. By extending the upward curve sufficiently to fo: 


ac coping, the » wave is returned on itself and prevented from falling behind the — 


lg Out 
wall This. purpose has been well accomplished in ‘the San Francisco wall 


slope of 


“the beach, and the apron extended, there is still likely to be undue scour. bg -_— 


‘Gal veston, it was necessary to place considerable rip-rap in front ¢ of the wall; 


‘often a an _apron extension has to ‘be added, as at Scarborough, England, ae 


_ Rather than attempt to resist the waves so directly, it may be wiser to 


-Temember. Napoleon’ 8 adage, ‘ . ‘divide and conquer.” 4 i, If this ‘can be done, the — 


battle is more, ‘easily won. good illustration: is ‘the wall at Coronado, 


59 
Calif. which consists simply of a light conerete retaining wall, with | an ample 


supply. of rap in front. The whole sustains and protects the ‘boulevard 


long | the: ocean front. It is an. excellent example of an economical, permanent, 


nd. substantial, type of protection, and occupies no great area of beach space. 

UTf any settlement ‘should occur, due to an unusually severe storm, more. stone 
fan, be added on top, and the > wall w will be stronger and better. than before, and 


no labor or material will have een . wasted. Of course, an important feature re) 


the design i is the proportion and size of the rip-rap — 


Me 


— 
— 
is q 
able 
not 
— 
J 
the 
med 
atly 
ate, 
4 
rous 
Sil 
ures. 
from 
not 
— 
rm 
San — 
time, 
cow Tne AL The Toe Of The Wall mage Tangwent To Thea 7 
f the 
al 
oach- 
nonly 
an be 
s the 
area. a 
i 
1 from 4 


628° ‘DISCUSSION : ON: EAN BEACH ESPLANADE, , SAN FRANCISCO, CA CALIF. . (Papers. 


“109 economy, security against destruction, and ase of repair, this 
4 ‘type of construction is s probably superior to that at San. Francisco. — It can lay 


| 
no claim to beauty of appearance, however, and is also lacking in convenience | 


r,. of access to the beach. The latter objection might be removed by the construc- 


‘ 7 oe tion of concrete stairways to the beach, but the former « objection i is inherent i in 


The multiplicity of irregular surfaces which rip-rap exposes to 1 the waves, 


. a. does’ not ‘stop them abruptly, but splits and turns them in various directions 

aS a and “by the formation of eddies and air pockets, dissipates their force.” This 
Be isi much ‘more efficiently, accomplished than _by any con construction of ‘regular 


‘Nevertheless, for convenience to the public and for the sake of appearance, 


2 some regular form of construction is usually preferable. — By making it in the 


ber form of steps or bleachers, ; as was done by the author, the : same purpose of dis- 
4 - sipating the wave force has been effectively accomplished and, at the same time, 
_a structure of maximum ‘convenience: to the public and of good appearance is 


obtained. 


flatter the slope of these ‘ “bleachers’ the greater will be the 


__ stability of the protection, and, therefore, the cheaper the cost. _ The “bleachers” i 


“constructed some years since at Revere Beach, Massachusetts, are an excellent 


of this; it is hoped that a description of them may be presented. 


_ The absence of rock or clay strata on which to found the wall, or in which 
to drive the sheet- piling at the toe, is a difficulty. which has been well con- 


Ad 


a sidered in the design. Also, the use of pedestal piles under the wall proper 


gt and prevent the removal of any of the confined sand by seepage, 1 in 
ease of a crack in the bleacher section itself” , is a ‘precaution not always Bien 

An instance of this came to the writer’s attention a few years ago. ‘A sea-wall 


: of ¢ concrete piling had been constructed, but the joints proved to be faulty. | 

. The back- -wash of the waves soon sucked out much of the sand bac ing; this | 
allowed, the: gonerete > pavement , above and behind the sheet- piling to collapse; | 


waves; breaking over top then produced an excessive ‘pressure behind ‘the | 
_ sheet- -piling, ¢ causing failure i in several spots; and this, i in turn, gave the waves 
~ direct access to the rear of the sheet- piling. As there ‘were no cross- -walls, the 
“The precaution. of maintaining a standard cover of 8 in. concrete over 
all reinforcement is excellent. The writer believes that failure of rei nforced 


concrete; i in, sea water can more often be traced to insufficient « cover over the 
reinforcement, or to porous concrete, than to any other cause. ha he. 
In conclusion, the writer desires to Wp the author for the excel: 
ll. combines t e favorable elements: of a sea- -wall 


lence of 80 we 


sly with 
respect to the high- wate! he least. art the paper is the 


cost data ‘contained i in Tables 1 to 5 
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ARLES W. Sranirorp, Victor Geuinzau, E. J. Dent, Merton C. 

Cuarzes S. Ricuf, anp Henry J SHERMAN. fies 


Cuartes Ww. Sranwworp,t 2 M. Am. Soc. .C. E. (by letter). ‘he examples: of 


_ the effectiveness of a lateral outshore method for the protection of ocean : 

beaches, given by Mr. Ripley, are interesting in that he clearly defines 

almost universal manner in which the destructive elements function; his 
remedy, however, appears to be too ‘general and vague, unless more definite 


end or objective is 
a to stop erosion on an advanced line with a desire to regain land; or i PS; 
& ee retain ‘the beach ‘on the advanced. line - where the attack is 80 vicious and 


intense: that it appears to be 1 necessary to hold this line, and where no rear line si , 


structures and | at great ‘expense. almost every instance, due to the question 


rather than the real | judgment of the engineer, these formidable struc- 


often overlooked. Many of have been built of 
sea-wal eoncrete—beautiful strnetures—which failed through such neglect. Even if 
faulty. founded 1 on n wooden piles, they could have. been, made permanent at | low v cost oe ' 
ag ;*this reinforced concrete jetty ‘recently examined by | ‘the writer, 
nage Be in 1 which complete destruction i is impending, is a good illustration of this” con- 


e waves 
alls, ue 


used to stabilize the design, including | the oiled Showed due to 

dition was occasioned by an erosion on the face, causing 

"pressure. in the, rear. (ae In other words, because it was almost impossible to 

~ force ‘the great pile sections down to a sufficient depth, the consequent insta- _ 
"bility. of the foundation permitted a movement sufficient to destroy the integrity 

of ‘the concrete ¢ and the steel. There is no question but that wooden construe- o 


m to 3 esd 45 This discussion (of the paper by Henry Clay Ripley, M. Am. Soc. C. E.; published © 
design 4 in January, 1924, Proceedings, but not presented at any meeting of the Society), is published — 
in Proceedings, in order that the be before all ‘members: for 
further discussion. = © 
Cons. Engr., New York, N. Y. 
+ Received by the Secretary, February 5. 1924. ‘aaa 
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8 DISCUSSION ON BEACH EROSION 


ay have been much cheaper and could have at a sufficient 


depth to ensure stability for many years tocome. 
It appears, | therefore, that the ‘structure proposed by Mr. ‘Ripley would be 
costly and difficult if built for permanence beyond the low-water line. In fact, 


such structures have always been. difficult to build even well above high water. | 


it it should become necessary to use this ‘method, reinforced concrete as a 
material would appear. to be out of the question; ‘derrick : stone with ¢ or 
s worden, core might be tried, but would be expensive. 


ucted for bathing purposes. This is a feature of shore protec 
ee that the writer wishes to emphasize, namely, the maintenance of bathing ~ } 


ere 
beaches | in their present position, ‘and this discussion provides | an opportunity 
define the status of beaches and methods for their protection. 


ot Koomige! ago, the coast line of the United Kingdom, subject as it is to attack 

all directions, gave concern, owing ‘to the alarming amount of erdsion 
a con 


taking place. On account of the continual increase of population ¢ and a con- 
“sequent demand for recreation, bathing beaches were established. “The erosion, 


carefully surveyed and reported at ‘frequent intervals, began to show such 


‘comparatively large areas of loss against a limited amount of upland that it 
: le _ was ‘easy to obtain public aid i in instituting protective works to hold the — 
dines’ or retard. ‘the destruction. ith these general, “protective structures, 
resorts, supported i in reality by bathing beaches, were | established and also 
Protected, the structures increasing in magnitude and permanence. 
: beg During ‘this early period, the great coast line i in America 1 was also receding, . 


bat since the amount eroded was 80 ‘small i in comparison | with: the vast areas in 


cor 


people secking recreation drawn tov various points: on ‘the o ocean ‘front, and 
Bri then the ravages from erosion were observed with an ever- increasing conviction 
ne that the natural tendency toward destruction must be combatted with artificial 


State of 


New J ersey, for 1999, phows that the total erosion since the first records (sur- 


vey of 1839), has amounted i in some > places to ‘several hundred feet. ‘ 
‘The ‘Lo 


attack, On account the of Beadh involved, together with ‘the 


"great demand, works of considerable cost were finally undertaken, in order” to. 
Sis 


arrest the destruction. d Tn: some places, the final effort was in reality vindiow 


they: were against absolute destruction, did not. maintain the: ‘beaches 


iy It is the bathing feature of these beaches that i is the magnet which attracts | 


vast between the Atlantic seaboard and ‘the he Middle West. It is 


= 


q 
& 
j 
rat 4a 
7 
line will cause accretion inside, and he states elsewhere that it will leave the 
4 
: 
34 
a 

4 

. 
= |}. undertaken under various and different theories of contro ey 
— 
— at popula- 
— 
— th 
Ww 
le 
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8 magnet which has created. practically a continuous seaside. resort from 
Sandy ‘Ho ok to fo J, a distance 120 
s, boardy 
world. All this has been built contiguous to the and has. been 
= made > possible by a comparatively cheap method of beach protection, ‘consisting - 
— in the main of jetties or ‘groins extending from inside the high- water line, 

2 natural bank, ‘outshore to some point below the low- water Tine. In some 
bulkheads have been built between | the jetties, and, in 


ties At first, i in 1 New J ersey, no particular incentive existed for any endeavor — 
* to arrest the erosion, , but with the establishment of pleasure Tesorts ‘dependent — on 
on ‘their ability afford beaches, pioneer works were com- 


capital the method proposed ‘would retain, the beach for bathing 


and could he built to be permanent, without excessive cost, ‘it should receive - 
serious attention. prevailing methods are the: result, of the examinations 


at 


n order to obtain the best 


‘The writer will con: ine “his remarks to normal beach- -front erosion: tather 


ine? 


& than to the peculiar conditions : at inlets, of which New J ersey has many. 


‘Each inlet is an independent study, requiring structures sometimes | of peculiar 
shape and position, which often have a certain influence on contiguous beaches. 
Iti is fair to assume that the part of the New Jersey beach-front, facing the 
- would have continued to lose by. erosion until finally destroyed. - ‘The beach in a 


P _ being held on what is left of this narrow neck of land by the simple methods — 


narrow peninsula, and widely separated from the real mainland, — oo 


It is generally recognized by a closely watch beach condi the 
> offshore bar which so: often exists parallel with the beaches, performs a helpful ot 


i function i in aiding to maintain the bathing beaches with so simple a method 
construction. this s same offshore bar has 


.% 


the: erosion did not ‘stop. 
with h disappointments; hence, before adopting any new and expensive method, = 


it must be: shown to be: effective ov over er those methods which are now satisfactory 


= 
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DISCUSSION ON BEACH EROSIC 


yore 
fix ed exempt from taxation. or a total of $309 ‘000 000. 


Ih order, therefore, to state the case clearly, and as a vindication of ‘the eo 


wthate usually followed in the maintenance of straight beach fronts, the 
= > Be First. —That 1 the principle of a lateral breakwater beyond low water is not 
tenable for the Atlantic Coast without undue expense i in construction. 


xe ow Second.—That such construction is not necessary for the haintenance of 


a ibe Third. —That the offshore bar provided by Nature, operates naturally in 
‘performing some of the functions of such a breakwater. pod 


Fourth.— —That no attempt should be made to regain, land by lateral works 
beyond the natural il shore line. ie 
—That, “most failures i in past have occurred to “monolithic 


f 


- reinforced concrete structures designed to gain beach instead of to retain it. 7 
_- Siath.—That the maintenance of the shore line by the jetty system properly 
esigned, placed, , and founded, with the few necessary connecting bulkheads — 


at works for sea-coast and beach protection 


reinforced concrete asa rule have not been successful. Admitting, first, that 


product has been perfectly -made—this is "frequently “subject, to grave 


ilure has occurred through movement due to the utter impossibility — 
Obtaining proper penetration of piles or sheet- piles into some materials 


without undue “expense, and the resultant: disturbance to destroy th the 
he consequent — 


at gr 


“from marine borers) inade to “attain ‘the: ‘required 


penetration and, in combination with large rock, ‘may | be designed to produce 
> greater life at much less cost. % That such structures, , when properly founded, © 


; 


being little exposed and always wet, serve their purpose even if renewed 


a reasonable life, with less. capital charge against ‘them than some of 
the formidable mon astrosities which have been built for suppposed permanence, 


which in a few years, have’ ‘become absolutely worthless. 


Victor | M. Am. Soo. E. (by letter) 4—This paper well ex- 
fee plains the major causes of beach erosion, namely, the pounding of heavy seas” 

and the transportation of sand by currents alongshore. _ High winds blowing 
q the land also have a considerable ¢ effect at times, , particularly on exposed 
-sand- -spits. ‘The proposed remedy, however, may not prove to be of universal 
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DISCUSSION: ON BEACH EROSION | 
Different possess widely differing characteristics. 
“tors: which must be appraised before undertaking the treatment, of any eft 
the following: Height of waves, particularly during storms; range of 
tide; presence or absence of sand dunes; proximity to inlets (and. this may “ 


involve @ a study of the tidal prism and the form of the body of water supplied BR. 
by the inlet) ; gradient of the beach and of the ocean floor ‘immediately off- 4 
shore; existence and form of offshore bars of bulkheads, or other struc- 


= situated outshore ft from the high- water mark; direction of the prevailing | rE 


drift; and character of the material forming the beach. 
e The writer agrees with the author that the primary cause of erosion is the : 


-alongshore | current, but ‘the destructive effect of heavy storm: seas is highly 
_ important in itself, as | they agitate the sand, which the alongshore current is 
thereby enabled to transport. Wherever ‘the beach exists i in a natural state, 
i the line attained Peat 
by seas, and the is slight or practically non-existent 
it ‘is usually ‘safe to that the beach will not readily undergo permanent, 
Fluctuations will « occur, but the “effect of one set of conditions in 


wearing down : a beach will be offset, or practically 80, by the operation of a nm ss ) 


opposite ‘aet of ‘conditions, and the resultant changes will be very slight. On 
the New Je ersey | coast, for example, a beach may ‘be worn down by northeast 


> 


storms s and bu ilt w up after. long periods of 


this coast, the pr primary cause of -alongshore currents having a ‘rela- 
tively high | velocity i is found in the inlets ‘through which flow the tidal waters — 
that supply the bays and ‘sounds. Every change of level between the waters 


of the ocean and of these bays generates currents, with a consequent effect a 
i 


‘on the beach in the - vicinity ‘of the inlets. - With northeast storms, for ex- Bi 
ample, ‘particularly at the spring tides, the general level of the ocean is” 
raised, in addition, heavy § seas roll far _up the beach. These ‘seas 

the sand which is then carried in suspension, encountering a flood-- 


tide into an is quickly transported from ‘the beach 


x alongshore current ‘hal generate. near inlets, great 


ty ibe! as 


care Ww vould be required in locating a breakwater, a it could readily iia 
the tidal currents in such a | way as to greatly increase ‘their velocity, with — 


resulting” erosion of the beach instead of protection. preventing f free 
adjustment of the levels of the water immediately inshore and outshore of the x E 
it might eddies or currents: which would inpinge . 
the 


che ck ‘the 


ersey would arise e from the necessity avoiding a any obstacle to 

“ing. ~ The greatest natural attraction of these beaches to enormous numbers of 

people lies” in facilities. ‘The first consideration at 
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these resorts is the’ preservation of the bathing beach. In 
oa _ boring State, recent years have witnessed the rebuilding of an eroded bathing 
beach by the expedient of dredging sand from a bay back of the beach. | F trove 
Bs Another objection ‘to the offshore breakwater would be. its relatively high | 
8 cost. If the depth of water were considerable, the wall would have to be of { 
= cross- section. ut For example, assuming: a top width of 15 ft. ‘and a 
‘height of, 15 ft, with: side ‘slopes: of 1 on 14° (and the outer face should be 

- flatter than this), there would be approximately 21 cu. yd. of rock per lin. ft. 

wall, _ Estimating rock at $12 per cu. yd. in place, this wall: would 


necessary 


maximum efficiency. dey ‘this battering effect, a flat slope. could 


a adopted on the . offshore face, but this would call for a greatly . enlarged cross- 


section, with a corresponding increase in cost. 
example taken from the rench coast is described as being 


pletely connected with ‘the at one end and partly so at the other. From_ 
se the description, it is believed that the opening is sat the windward end of the 
and that this forms in effect a sand trap. ‘It is not clear what 

caused the sand to collect outshore from this wall. 


The ‘protecting sa andy | beaches have been primarily of 4 


to. would render. it. a matter. tp build - up 
by hydraulic dredging. This would Tequire structures to prevent. 


tition of. erosion. 4 In many instances, ‘the strip of beach threatened i is not worth - 


“the cost of, protection works. In addition, u until recently, ‘no general. 


"control was exercised over the efforts of landowners: or municipalities to _pro- 


t tect their beaches, and, in 1 “many i instances, structures built according ‘to the | 


varying ‘ideas of different owners ‘operated to conflict with one. another. The 
usually becomes | complicated where protective structures, such 
groins, bulkheads, ete., have been erected and have proved to be ineffective. Here,. 


the situation is complicated by. continued erosion, eddies, back- wash, , or other 
unfavorable conditions, caused by. these structures, with, n nucleus of beach 


po 


ca on} which to build. Public « control should eventually b be extended, if possible, to 
see the point of marking out a zone » along the beaches, with a view | to preserving 


a sandy strip between the ocean and the non- marine structures, such as road- 
ways, dwellings, ‘ete. Piers, groins, and other structures extending beyond 


highs water 1 ‘should then. be designed with. a view to having no de- 


structive effect. on neighboring properties. It seems certain that where a tight 


_ structure is built. on the beach and is successful i n gathering sand, resulting | 


erosion will o occur leeward of the intercepting structure, as the eroding forces _ 


will continue to operate at this leeward point and the sand which. normally — 


thes 


flowing to this unprotected point of attack. 


would preserve the, balance between erosion and accretion, is Prevented from 


an 
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“has ‘st 


munity. such an event, large ikey- works, "designed to erosion 
without delay, will be required, but even then it would seem that due con- 


sideration should be given to » the ‘possibility of extending structures from 
the | ‘shore. These structures, can be designed so. as | to check the battering 
4 from the seas, ‘aed, * the same time, tt trap the sand. 2 ‘The writer believes — 


the existence « of bulkheads: or. walls running approximately parallel ‘to the 

a shore and below the high- water mark, presents one of t the gravest. difficulties 

in protecting a beach, and it is. very” doubtful such a case whether even 
"the expedient suggested by Mr. Ripley would have any beneficial « ‘effect, 


less the possibility scour from alongshore currents: was definitely > 
by bu ilding tight. ‘groins from the shore to. the 


tective, measure, a concrete sea- -wall, about 3500 ft. length, was built on 
the ocean front, just above ‘the | low- water mark. southerly end of. this” 
wall is just north of the north spit of a large inlet. ca Asa part of the work, 

a series of low timber groins were extended. out at right angles from the sea- 

wall. - This combination of sea- -wall and groins not having proved as success- 
- ful as as was expected, a heavy rock breakwater jetty of large cross- -section was 


built. the southerly end of the sea-wall, extending ‘oceanward at right 


‘The 


A sand- bar lay a few hundred feet offshore and approximately par- 
allel to the beach. It. was. expected that the jetty could. be built out to this 
_sand- bar, and that, in consequence, the alongshore current would be imme- 
diately checked and the sand-bar would then move inshore. These expecta- 


tions, however, met with disappointment. The offshore bar did not furnish 


-\an.ex xact analogy to Mr. Ripley’s breakwater, as it was covered at all stages — 
the: tide. It. was very effective in forming and guiding an alongshore 
current at flood- -tide, which had an extremely powerful effect in wearing 
the ‘north point of the inlet. The: stone jetty. never reached the bar 
a ne, 


Bc: the reason that the latter retreated with the > extension \ of the jetty. Conse- 


quently, quantities of rock far beyond those originally contemplated were 


"required to build this: jetty, on account of the rapid deepening at the 
end as the work progressed. A channel formed, ene, the, 


At flood- tide, floats at the intersection of the northerly, (windward) 


rving 


end the the inlet... This is a fais’ to 
ae bays at the inland end of which the tidal | range | is 80 ‘much greater 


- 


igh- — +» Jn general, it is believed that sandy beaches can be protected by measures ff 
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n the « open sea. ody is . extremely difficult to avoi 7 
‘tide Stine in the vicinity of inlets. ‘a Offshore bars lib've a ‘pronounced effect 


on the direction and velocity of these currents. which are frequently 


Dent,* M. Am - Soo. C . E. (by let tter). Se arge sums of money have 
een spent in the United States in connection with the protection of its ocean 
PAR 


beaches, especially, ‘those along the south shore of Long Island and lon ig ‘the 


‘coast of pew Je J ersey. Inv carrying out this work, the usual practice has been q 
to ) follow the 3 rules laid down by British ‘engineers for the protection of the 


~ beaches along ‘the coast of England. Not ‘enough consideration | has been | 


given to the fact that the character of these Frank beaches and the tidal : 


7 

and other conditions along them are radically different from those prevailing 

in the vicinity of New York City. anole, to, 


- Along the New J ersey and Long Island beaches are ‘numerous: examp a 
of bulkheads built at about the high- water line, and of ‘sloping ¢ groins ex 


tending from this point to a little beyond the low- water contour. An exami- 


= 


nation of these existing structures will show that, in many instances, they 


have failed to function, and that the ordinary statement of principles in- 
affords no. explanation of these failures. A clear and convincing 
_ mary of the theories applicable to such ‘cases, including a description of > 


errors that have caused the failures, or -a frank admission that these methods 


of beach protection are not applicable to the particular locality, would be of | 


gives his reasons for believing groins increase 
stead of reducing it. The writer came ‘to a similar conclusion ‘several 
—ago,t and has had no reason to change his views ‘since that time. Groins 
oceasionally “appear to function in the ‘manner usu ally claimed for them; 
ay but the writer believes that these appearances ‘are deceptive, and that, « 
“thany cases, the accretion that follows the construction of the groins is due 
“to other nd takes place in spite of their construction instead of on 


account of it! Mr. Ripley is to be congratulated for calling attetition® to a 


thé afforded | is ‘the cost of ‘obtaining it. te 


objections to offshore breakwaters include: (a) ‘the cost is. frequently 


excessive, as compared to value of the property protected; (0) an 
— beach i is more attractive for a shore colony than one along the shore of an inner ’ 


4 harbor ; and (c) the interruption to the movement of littoral drift may damage 


‘adjacent: beaches. Items (a) ‘and (b) require no further comment; ‘but Item 


at 
‘normally move the sand from the outer line of breakers toward 


beach, and that, if it ‘were not for littoral currents, wave action would ‘always a 


» $ “The Preservation of Sandy Beaches”, by EB. J. 
Am. Soc. Cc. E., LXXX P. 1786. 
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result iz in accretion. Itisa that, to toa a certain ‘extent shallow- water waves 
are waves of translation. Within ‘the « outer line of breakers a certain quan- 4 


“tity” of sand may be thrown into suspension and may found the 
“surface of of the water, and such sand will be carried slowly toward the shore — 


as the result, of the landward movement of the surface filaments. It is, how- : 


"ever, also a fact that , for every gallon of water moving» toward the beach, 
there another ‘gallon of water moving away from the beach. ‘This 
“offshore current is the well- known undertow, near the bottom, where the load © 


14: 


of suspended | sand per gallon of water is much greater than the ‘corresponding | i 


toad near the surface. The net result of all wave action is the transfer of 


material ‘from the shore to ‘deep water i in the ocean. The wave- terraces 
aS 
and the marine 2 deposits of débris” just outside those terraces are common 


- land forms, recognized by the geologists. If any one should care to investi- 


gate the matter, the. eastern end of Long ‘Island affords a remarkable illus- 


’ 5 tration of a terrace that has been formed in the most recent geological times _ 


and that is to- da in the rocess of growth. ont 


eats ~ Assuming for the sake of discussion an east and west beach, extending — 


for several miles, there will normally of sand 
‘(beach h-drifting) in direction that the winds and waves at the ‘particular 


moment dictate. change in the direction of wind may reverse the direc-_ 


‘ tion of the beach- drifting. A preponderance of wind « coming from: one direc- Bs 
tion may cause a corresponding preponderance of beach-drifting. a 
In Fig. 2, , an offshore breakwater i is indicated as having been built for 


protection of a section of the beach just described. In the rear 
breakwater, wave will have been. stopped, and | beach erosion will also 


ex have been st opp ed. In the rear of’ ‘the eastern end of the breakwater, a heavy oo 


Beach 
ay 


baton brought to this ‘point by 
beach- Wut as a result of the the breakwater, it cannot 
ently carried beyond that ‘point. In the rear of the western end of the break- 


— “te, a similar’ but lesser accumulation of sand is indicated. Sand 
inner § —mulating in the rear of the two ends of the breakwater is taken awa from 
the. general -cireulation along: the beach, a and erosion of the adjoining beaches 
on In Fig. 3 , another method for protecting a section of s sand beach 
been indicated. This method consists in the construction of a solid pier, 
to the shore line, and ex tending from about the ‘upper limit 
of wave action to between | the 10 and. 30- -ft. depths, depending» on local con-— 
ditions. _ The pier should extend into water deep enough to ‘prevent wave e action 


rom greatly ¢ disturbing the bottom, as o otherwise there y would = 
ee or the sand to f ll w along th the pier and pass into ae near its 
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DISCUSSION ON BEACH EROSION 


outer end. pier in existence, beach-drifting will cause an accu- 


Gi mulation of sand i in the angles near ' the sh shore end of the pier. These accumula- 
tions will protect the beach in their rear as effectively as an offshore breakwater. 
The accumulations along this pier are exactly similar to those found in nearly — 


all cases where harbor entrances have been extending to 


“Fig. 3 will cause erosion of adjoining beaches. ‘The extraordinary feature. 


of the case is is, however, that it i is panel recognized that the fixation of oo 


lesion and to any part of that sand out of circulation neces-— 
sarily depletes the remaining sections of the beach. BO The question whether 


the sand so fixed i in position is worth more after being stabilized than, it was 
circulating along the entire beach, determines the question as to 


whether the measures taken have resulted in benefit or loss. of ‘gainer é, 


2 The State of New J ersey has undertaken an extensive ‘inventigation of its j 


is 3 to be hope 


with ‘the author statement that the to prevent erosion of 
‘beaches have been fraught with ‘many disappointments, and believes that these 


a are chiefly due | to insufficient study of the factors | affecting the prob- 
$34 lem. Exception i is taken, however, to the adoption of f any. single remedy 4 as 
panacea for all beach- -erosion ‘problems. There are many and diverse fac- 


tors which enter into beach erosion n that, -althoug the theory expounded by 


“must needs ‘study each particular ease and adapt his. ‘dau to local condi- 


= Ly Islands is perhaps greater than that of any equal area of land and its beach- 
erosion problems. are in like proportion. However, ‘the comparatively low 
value of the land and lack of sufficient funds make it impossible to ‘provide 
ea remedies, except in extreme cases where the erosion is seriously threatening 
some community. Such a case was brought to the writer’s attention in 1921, 
while he’ was engaged on provincial port works for the Philippine Govern- 
ee ment, and i is I mentioned because of its direct bearing on this paper. Although 
the ‘method used in this case was not ‘along ‘the lines of Mr. Ripley’s 
gestion, it is believed that it was the best solution under the circumstances. 


At last reports, it was highly successful and was the means of building up a 


Received by wolfot or onl) 


Rs With its three thousand odd islands, the beach perimeter 0 of the Philippine | 


im 

— t 

joining The fact of the matter is 
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dation than at present. In the 

— hla ix tion 0: 

such as that of the author serve a valuable purpose in focusing the 
engineers on the essentials of the problem, and in guiding fut 
tions into the most promising channels. 
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DISCUSSION ON BEACH 
erosion of which had for years been threatening the Town of ees 


— Aparri_ is situated on the northern coast of Luzon and is subjected to an 


annual season of severe typhoons, and also to a continuous littoral current 
which has been eroding the shore line and destroying valuable property. 
7 Various attempts at preservation have been made i in the past, chiefly by con- By 
strncting timber groins at right angles to the shore line. 
2 ‘From study by the writer, including the history of past teeta to stop. 
~ the erosion, it was found that the resultant direction | of prevailing \ winds and 
littoral drift was S. 4 0° W., which ‘made an n angle of about 20° with the shore a 
F line. All previous groins had been constructed at right angles with the beach; a 
the result being that the current was deflected onshore, « causing erosion on the 


“weather” side of the groins and their subsequent destruction. — It was de- 7 


- cided that the proper angle which the groins should make with the shore was 
110°, or at right angles to the resultant direction of the prevailing winds 
and littoral drift. “Any less angle would result as as before, and any greater a 
ee angle would cause an offshore current and erosion on the “lee” side of the a 
of its “groins; a condition aptly described by the author with reference to an arti- — 
mtire ficial obstruction 1 extending far out from shore. The writer differs with Mr. 
apers -Riples that he believes that the angle that such an n obstruction makes with = 
littoral current greatly affects the resultant erosive action, 
stiga- ff ‘The groins at ‘Aparri, which are placed ‘parallel to ‘each other at 328- tt. 
| “centers, ‘eonsist of grooved concrete piles driven on 10-ft. centers, ‘between 
_ which wooden sheet-piling is driven flush with the ground. Three horizontal: 
-flash- boards are placed above the ground line, to which others are to be added 
vas the: beach builds up. Each groin extends from the uneroded beach to 
prob- | point” where the depth at mean low water is about 2 ft. Owing to the flat 
a | ‘slope: of of the beach, the groins t thus extend about: 160 ft. beyond m mean 
pBie- Bese and have a total length of about 300 ft. each. The flash- boards are 
low enough | to. break the erosive action of the eurrent without: causing undue 
asinai- —EIn the case of the Aparri beach protection, the question of using a remedy 
such as that suggested by Mr. ‘Ripley out of the question, owing to ithe 
ippine “local lack and prohibitive cost of procuring material : from a distance for such ‘” 
ae a breakwater, and also due to a local factor common to most Philippine beaches . 
* y low namely, that the populace depends a great deal on fishing and small-boat trans- x 
ovide portation, and having always used ‘the beaches for landing, : such | a submerged 3 
aah breakwater placed parallel io the shore would | prove extremely dangerous, to 
tovern- on OHARLES Ricut,* M. Am. Soc. C. E. (by letter) +—To « one familiar with 
though ‘the beach of the Gulf of Mexico at! Galveston, Tex., this paper is of much © 
tances. ‘The hurricane of Septer mber 8, 1900, caused much erosion along this beach 5 


ere was a accretion, 
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Re 
LL | but not enough to restore the original shore line, eae 
4 Received by the Secretary, February 15, 1924. al 


which, in fact, eroding in prior to 19 0. Between 1902 “1902 
q 904, a concrete sea- -wall was erected about 200 to 300 ‘ft. behind the existing 


August, 1915, another hurricane as severe as that of 1900 occurred, 4 


during which Waves of great size and force dashed against the wall. The 


; - spr ay which | rose 40 ft . and ‘more into the a air, was” heavily charged with fine 


sandy many thousand yards of which were blown back of the wall « causing 
deposits from 1to3 ft. in thickness on near-by streets. “yd 


; Along most of the water- -front, the subsidence of the storm left the : sea- 
) = lapping the toe of the wall, so that immediate measures were necessary 


protect its pile foundation from beach no longer existed ; 


Aceretion thereafter was slow and disappointing. ‘This beach had been 
= asset to the city for. -bathing and resort purposes, therefore, 


¥ 


“9g About two miles to the eastward of the city are the jetties at the harbor 7 
entrance. In the pocket, south and west of the nearest jetty, an enormous 


mge; the sand in suspension seems to drift by and finally bring» 


up in this peerne back of the jetty. ‘The protection | of the Jetty prevents its 
Eventually, is believed, this pocket w ill fill sand that: the area 
of 


has taken place since 1 1915, but along the fr 


rs the long delay which would result from waiting for the filling of the 


* 
i a Small jetties or groins have been helpful in this locality, but seem to be 


in ‘effectiveness. They should be practically water- tight, or the fine 

; sand will “flow” through them. Usually, there has been a deposit of sand 

on each side of ‘these groins ¢ at their i inner ends, but mostly on the prevailing 


‘Waited feet. writer as promising a a greater effectiveness 
‘than a series of groins. This breakwater er would probably interfere somewhat 
with: the smoothness and regularity desired i in a bathing beach, but so also” 


would the groins. may prove advisable to make occasional ‘connections 
between this breakwater and the shore. 
7 To make such a breakwater fully effective, it should be practically water: 


tight and strong enough to. resist. storm action. These requirements, unfortu- 

: nately, would result in high cost. Double or triple lap -sheet- piling would be 
quite effective for this purpose. This would require considerable penetration 
and, perhaps, some. rip- Tap protection t to be secure against storms. “a 
Unfortunately, the warmth of the water: in the Gulf of Mexico results in 


rapid deatruction of timber by 


more y en, possibly, 


oe 


4 
| 
“| 
| 
| 
years and many million yards of sand. Meanwhile, the problem is to restore 
16 
“A 
4 
~ 
| 
» 
probably be sti 


te piling might 


A trial of ' Mr. Ripley’s plan would be interesting and promises ped, results 


3 Henry J. SHerman,* M. Am. Soc. C. E. (by letter). +—The « experience sand 
_ reputation of Mr. Ripley in harbor and coast protection are guaranties that b. 
paper will be studied by all those’ ‘interested i in this subject, about. which. 
too little is known. © To go a little further than the author, it might | be, = 
stated that iz in no branch. of engineering - the disappointments been 
numerous and § “persistent. Nevertheless, during the last quarter 
century the writer has observed distinct } progress in -beach | protection along ‘7 

oo North Atlantic Coast, principally | on the Long Island and New J ersey 


Coast—due to ‘the fact | that some , but ‘not all, of the laws controlling wave 


q 
of with little or no of. actual. ‘conditions | or 
the forces: he w was attempting to control. ‘They were structurally inaioquate, 


along the Mow. ersey coast have been to the proximity of the 
structure the shifting channel of an inlet, unsuitable type, to 
tie in at ‘the shore end, insufficient | ‘size -and depth of “round piling” and 
-piling, poor fastenings, besides a variety of other causes. Then,,too, 2 
in characteristic American fashion, ‘there has been gross neglect of main- : 
tenance. . Jetties which acted good sand catchers while in repair, 
describing the action of an. artificial structure in the form. of. a 
jaye the. author states that there will be. erosion on.the lee side. If 
lee side is protected by stone, ‘the wash of the current is broken up ‘and 


i frequently a deposit occurs near the structure on a gently ‘sloping foreshore. 4 


Farth er away, however, ‘as the author points out, one. must expect erosion 
and prepare accordingly. In protection of property of great value, 
at _ where the loss is along | a front. of little value, this objection is of minor 
fact, “the writer overheard an eminent authority, say the 
time might come when it would be. necessary to give up beach of low 3 value 3 
protect an adjoining section high value. Certain: it is,. that — 
is eonstant and that the deficiency must be supplied. fi Sieg 


The ts correct in stating that there is erosion at the’ outer end 


4 of a jetty. Designers of jetties attempt to guard against 
by enlarging the end and flattening the slope. To eliminate it, series of 
short jetties should be used rather than. one long jetty. course, this 
cannot be done at an inlet where it is necessary to build to a certain depth - 
of f water regardless of the. length, in order to. create an entrance channel. 
‘Erosion i is caused by wave and current disturbance, , principally. dusing 

: —~ not one but both must be arrésted in order to supply an adequate — 

The author device, a detached b: breakwater parallel with the shore 


Cons.. Engr., New Jersey Board: of Commerce and Navigation, Camden, 
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e sufficiently to cause it to drop its bu irden of sand 
| In due course, as the writer takes it, the beach would be : 

built “up ‘solid | between the e high- water line and the wall. Supposing” the ‘ele- 
Bah “ments remained in leash a a sufficient time to permit this, would the projecting 4 
‘section beach keep intact in nthe face of an attack by a 6- -knot current, | 

coast during storms? 
, width, character of material, ete 
If.connected with the on the weather side, thus making a combina- 
= tion of jetty a and breakwater, it might be successful in some localities; but — 7 
coral: not the same degree of success be ronlized:.at less expense? _ Assuming © 
= that the author would construct such a breakwater of heavy derrick stone 
for which the cost of obtaining and properly placing the materials in such 


an exposed location would be heavy and the maintenance expensive, prob- 
ably less money, if distributed in a series of groins properly designed 
located over the same_ area, would accomplish the needed protection 


Mr, Ripley. It is at an angle of 30°. with the shore, or. ‘normal to the 
northeast. storms, the ‘southerly being open. Beginning 250 ft. “below 
open end and 200 ft. inshore, is a rip-rap_ dike about 250 ft. long and 
parallel with the shore. re. Sand carried by the littoral drift: trapped 
between the two structures: -and filled the area between. the wall and 
the old high-water line. _ The top of the sea-wall is high enough | to. — 
_~ ocean view of those standing on the beach behind it and. defeats one 
= of the primary purposes for journeying. to the coast, namely, to secure a 
view: of the ocean. _ Nevertheless, | it cannot be denied that the wall has been 
a vital ‘protection to the municipality and’ the Peninsula Hotel. _ Again, the 
“hurdles” constructed by Lewis M. ‘Haupt, M. at, Beach 
"Haven, a few years” ago, are ‘somewhat s similar to the author’s sug- 
he wave action ‘cause the 
to behind: them, freedom of ‘current action. 


bs to extend in the form of semicircle the 


cted at ‘the ‘end by a row of braced oiling ‘constituting 
the over: which the broken w: wave, ‘passes, Unquestionably, 


hardly be justified by th of those politioe divisions 


need of protection. Bathing in front of or the neighborhood of the 
would be: destroyed, and the chief attraction to those 
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See Report by the Board o ommerce and Navigation of the State of New Jersey on 
the Erosion and Protection of the New Jersey Beaches, 1922, p. 29. as bot 
Am. So. C. B., March, 1924, pp. 369-370, Figs. 28and 31. 


DISTRIBUTION | OF ha RAINFALL. 11 AND SOME > 
"OTHER FACTORS IN THE DESIGN ¥ 


3 


gs ‘Lyte, F. W. W. Horner, AND ALLEN 


Kenveru ALLEN, M. Am. Soe. C. E. —This paper brings | out two 
Mite 


(1) That there is a ‘deplorable lack of information available regarding 
s simultaneous intensities of, rainfall at different points within limited storm 


areas; and (2) that what information there i is, indicates that great variations | ; 


7 The City of New York, in co- operation with its five Boroughs, is about to a 
7 undertake a series of run-off experiments: which, i in time, it is hoped, will fill 


in this gap, beginning with an area of 200 acres in Brooklyn. Three Friez ple 


tipping- -bucket gauges, with Friez electrical rainfall recorders, will be placed on 


On August 5, 1878, there in New York ¢ ‘a rate 
in. per hour, for 5 5 min. was considered desirable to have a scale 80 open 
q 


as to enable each tip of the bucket, denoting « a | precipitation of 0.01 in., to be 
readily distinguished when the rate is 10 in. pe r hour. To ‘meet these 


_ ments, the horizontal time scale adopted is 2 in. ‘per hour, and the pencil 
a direction after recording ten tips of the bucket’ in a vertical travel of 


in. three ige-clocks will be synchronized so as to give simultaneous 


"records and, later, j it is hoped to operate gauges in all the Boroughs in order | 


to secure similar records | over a large area. 
TOUT 

‘The ability to ‘record and interpret. the highest intensities and to correlate. 


= them with t the ‘records: of run- -off is most desirable—a_ matter that has 
ably not been fully appreciated in some of the otherwise ‘goad work that has 

connection with ‘the rainfall. records which have | been described there 


will be tried out a new device called an 1 “Event Recorder.” This prints oa 


Be that by of ins instrument any difficulty. or ‘error in 


mers of a diagram i is obviated. If it. proves to be positive in action and 

a _ SF Phin discussion (of the paper by Frank A. Marston, M. Am. Soc. C. E., published in | 
i. January, 1924, Proceedings, and presented at the meeting of the Sanitary Engineering Divi- 
< sion, January 17, 1924), is printed in Proceedings, in order that the ) ewe, expressed may be 


brought before all members for further discussion. 


San. Ener.. Office of Chf. Engr. Board of Bstimate and Apportionment, New York, N. Yu 
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DISCUSSION. DISTRIBUTION OF INTENSE RAINFALL 

material will probably. find a field” of usefulness 


be Another matter concerning which there is a dearth of reliable information 
is | the inlet time. Few actual measurements of this appear to have been ‘made 


and i in applying the ‘ational formula to sewer design it too often the sub- 
When it comes to the run- n-off itself, are many difficulties 


Ziti 
ob be encountered, and it will often be found after : a careful survey of the 


ground that material changes in the outline of the area originally assumed as . 
a tributary to 1 the gauging station must be made. This may be due + to the con- a7 
nection of catch- basins or private drains with sewers which divert, the flow q 
some other district, or to the existence of areas lying at too low a level to be — 


drained by gravity so. that ponding occurs. If a catch-basin is choked with 


deposit, the flow in ‘the gutter may likewise be diverted to a different sewer. 9 


E rh _ The slope of a roof, o r the location of a water-shed in a park or cemetery, may _ 
3 divert the s sewage in quite a different direction from that. ‘supposed, while the © 
run- -off may be retarded i in a severe storm by inadequate ‘inlets, In the sewer 7 


; there will also be a throttling of ‘the flow, if of inadequate capacity, 
sips the results of gauging worthless unless due ‘allowance is made. The 

_ examination of the Brooklyn area in question has shown the importance of 


= positive e knowledge of a all these details if the results are to be worth the cost of 


In the ‘matter of au in there are also further sources of error. © as 


>. 
“customary, the flow i is computed. by. the measurement of the surface slope, is the 


eondition of the sewer well known. that it is. safe to. assume a coefficient 


of friction? As there no backing up from deposits « or other obstructions, or from 


incoming ; sewage below? Or i is there no increase in surface slope due to the | 


e in, There is an obvious advantage in obtaining a direct gauging of the 


if 
- if this can be done, and studies: are now being made as to the practicability of 


doing this i in a second area by a Vv enturi flume inserted in the sewer. if the 
_ Sewer is of suitable shape and size, this would appear to offer advantages over 
a methods of “gauging sewage, § and since ‘the matter was taken up, it has 


| 


_— been of interest to learn that this device is being installed. by Glenn D. Holmes, 
Sep, O- 2m, ‘connection with the new 
“a _ With either method of measurement, success depends: on the reliable record- 
ing ig of the surface level as indicated by a float. “Much attention has been given 


if to the type of recording device and to the scales of the record, ‘and in this first 


district to be studied the Au Continuous water-stage recorder, modified t meet 
local Tequirements, has been adopted. In this device, a chart 10 Jin, wide, suff 


cient for a year’s record, if necessary, 1s wound ¢ on a cylinder. ata rate of 1. 21 in. 


ee ‘per hour— -the time scale. A pencil | on a carriage moving parallel ‘to the axis” 
of the cylinder ‘records the fluctuations i in _water- -level « on a scale of 2 in. to. 1 
ft., while a-second pencil remains stationary, making a base line for ‘reference. — : 
the 5-ft. stage (at the chart), this ‘second ‘pencil 
| ase. line, while the: first pencil remains 
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DISCUSSION ON DISTRIBUTION OF INTENSE ‘RAINFALL 


q tionary, marking a re a —— line at t the top of the chart. In this way, ‘the ¢ flow 
in a sewer surcharged to 10 ft. above the invert can be recorded. With the 
seales adopted, the corr relation between the times s of run- -off, as 
2 “2 What it is wished to emphasize : is the necessity of a a thorough preliminary is 
r f the ground and of great care required in ‘planning the work if the 


le conducting experiments of th this is kind, the is the opportunity to deter 


od mine. , aside from | the known area, the - frequency y of flows of less than the maxi- 
2 mum volume, and the quantity of the dry weather flow and its variation; but 
_ the main object—determination of the maximum run-off in the sewer to be 
expected i ina given term of years—should be kept clearly i in view. 
is to be hoped that the study of rainfall intensities ably presented 

| by Mr. Marston will be supplemented a as s opportunity y affords by § similar studies — a 


ORG ce T. M. Am. Soc. C. E.- —The Rational Method of storm- 


. dr. inage design, which also includes | the design” of sewers on the com- | 


bined system, marks a great advance over the various methods used i in the past, 


some of the various difficulties and have 


‘f and is superseding all others. The principles from which it is derived, as well ae 


calls. attention at the very beginning of his paper to ‘ ‘the 


author 
paucity of data” a point: well taken. The “empirical data already available 


; have led to conclusions | of great value, but many more are desir rable. ~The great- 


difficulty is that ‘the. data are incomplete 1 many particulars, 


uncertainty in deductions made from them. Sapa! ok ¢ 
ne. i 


pat > | 
There is evident need for ‘systematic study throughout the of rair 
fall and storm run- -off. Disregard of the nature and importance of such study, — 


< on the part of public officials a and-sothers who might help, should be earnestly a 
-combatted, and the assistance of all should be enlisted i in this work. 
§ In the early days | of this study, i in 1905, i ina ‘discussion+ before i Society, ee 


the late Emil Kuichling, M. Am. Soe. CE, after presenting data considered 4 


typical, and discussing the method | used by | him, remarked that. he had 
the presentation “merely to illustrate a rational mode of. procedure in the 
-storm- -water drainage of urban districts, and the necessity for maximum Tain- 


fall: data ‘based: on uniform instead of average intensities.” He continued: 


may a that. hilo. precipitation of long duration 
“a 


E and uniform - intensity are rare, there are many such of short duration up to 
_ about. 1 hour, and the tabulation of these for different localities will be of great . 
service in municipal drainage operations, as it seldom happens that an urban ae 4 

B district is so large and flat that the storm flow from its upper part to the final _ ga 
outfall will occupy more than 1 hour.” | 


Am.’ Soc, C. B., Vol. “LIV (1905), 192, lin" 
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DISTRIBUTION OF INTENSE RAINFALL 


w Mr. “Kuichling, but, seldom available from 


than ¢ one gauge, that not supplying: perfect record. To any one who 


has: ‘undertaken. the care of a rain- gauge for a number of years, further com- 


ment is unnecessary ; and if there happen to be two gauges in “company, they ae 


are seldom good friends ; alas, how often one calls the other liar! How often ad 


both sleep on the job! di OTB to 


‘ie The speaker has been actively engaged in the design of storm-w 


age and combined storm xg 
nessed many changing styles i in design, and much real } progress | toward the solu- | 


tion of problems that i ins his early days seemed almost hopeless. Sometimes — 
economic questions have been associated with these problems; - sometimes there 


-_ was insistent demand that cost be limited to certain figures ; also, that, bepneds> z 
Tess | of this limitation, an entire area must be benefited by the ‘improvement. — 
_ ‘The only solution was as progressive design, that i is, , providing drainage facilities, a 


Ps - instance, such as would take care of an area for the immediate future, and o 


‘Within a ‘relatively few ‘years, the attitude of the public ha has: changed 
greatly public works in. general, and drainage projects in particular. 


ng It is now often demanded that storm drains be provided of sufficient size for 


Ph any condition of development that can be foreseen; and, further, | there i is a 


‘tendency in some cities to provide for any ‘possible growth o or development. q 


Among the pioneers in this study were many eminent and honored sanitary 


4 
s engineers, among them, the late Rudolph Hering, Charles E. Gregory, and . 
Emil Kuichling, Members, Am. oc. CO. Their labors and studies, their 
a writings and discussions, jlluminate the « difficult pages of many reports. More i 


than: twenty years ago, Mr. Kuichling instructed the speaker how to use the 4 


rainfall: data. then available in Brooklyn, in the ‘Construction of an ordinary 


intensity curve, for solving local sewerage problems. © This curve was ‘developed — 
from a continuous | record produced by a rain- gauge ‘maintained by the Water . 


Department i in Brooklyn, for a period of about fourteen. years. The curve was: 


_ Intensity (equivalent, to cubic feet per second per ac re), = ——> in wi ich, 

t is ; the time of concentration, in minutes, ‘from the beginning o of the intense 

‘period. | This curve is used now, in Brooklyn, in connection with the Rational _ 


Method of design. No change has been 2 found necessary to date, largely, 


 pethiandl on account of the lack of more consistent data, and also because it 


car 


many’ by what. may be called conservatism. “The of Mr. 4 


Heri ng’s work, through his records of the gauging of the Minetta Brook area 


in New York City, and the widely prevalent opinion. held i in official quarters, 7 
«that drainage designs should be based on n local sewer - gauging, rather than on 


few -rain- 


oh 


— 
| 
|g 
|g 
{ 
| 4 
— 
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= j gauges, delayed the introduction of this method in many places. Its adoption f 
og . & all the Boroughs of Greater New York was largely due to the writings _ 
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i 
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‘DISCUSSION ON DISTRIBUTION OF INTENSE RAINFALL — 


0 i late Mr. Gregory and of Kenneth Allen, M. Am. Soc. C. E: The —- : 
at all times has taken much interest in the Rational “Method and advocated 
4 its use wherever ‘sufficient data were available. . He recognized years ‘ago the 


gorrectness of the theory and regretted. the of, data which he ‘considered 
“mecessary for. its ‘scientific application. It was with much the same view 


Chief ‘Engineer of Sewers in ‘Brooklyn wrote,* 4 concerning the Rational 


| eS “This method is certainly correct in theory, and is a distinct advance over — F 
other methods in use, but to be able to. use it successfully we must know with | et 4 
reasonable accuracy, the time required for storm water falling upon the farthest | *- 7 

_ points of the water- shed, to concentrate at the nearest sewer inlets. This re- 
quires: also a knowledge of the rapidity of flow of storm water along street 
gutters, from yards, and over improved and unimproved surfaces generally. — Wal q 
Comparatively” simple observations would determine this, or, at least, would — “ 


_ add much to our present knowledge of the subject. 
b _ “At present, however, there is little or no definite information in regard q 
to it. ‘It “confidently. ’predicted, however, that in the future when 
mental data have been obtained sufficient to make Kuichling’s method of pro- 


cedure more in the results. obtained, it will come into more 


use”? 


7 = «At is apparent from the data presented by the author that, although | drain- —) 
3 : age areas of the size usually considered i in 1 the design of drains and combined x 
sewers ‘require the assumption that the rate of rainfall intensity will be uni- 


form, 2 areas of a larger size do not warrant, ‘the : assumption of so great = 


intensity, if the entire area is considered. — _ Where, however, should the divid- 
_ ing line between ‘these conditions be? “What extent of area shall be taken as 


the > first class, and what of the second? ‘Unfortunately, it does not yet 


ean possible to. ‘discriminate within much more than a probability, in solv 
a difficult problem of f drainage design, if an unusual type of area 


is involved, or its size exceeds 1 000 acres, 
oan forecasting the run-off of the area tributary to J ones" 


more,t 1906, the speaker, then Division En Engineer | of the Storm Water 
Division, could find no “method. of obtaining a result. that would give more 


eS a probability of the facts. a; The area drained was about 60 sq. miles, partly 
within, and partly outside. the City of Baltimore; much of it was undevel- 


J ed land, almost mountainous in its” topography as shown by the contour 


map of the U. Geological Survey. Every available method of 

run- off was investigated. Gauge- readings ‘taken by. the U. Depart- 
“ment the but represented only one point in the 

area, ‘They, h ma imum 


infall intensity occurring in 12 [= 


value should be given to the run- -off extent 

a 

z of area should it be assumed that uniform precipitation would apply, a 
= how much should the expected run-off per acre be reduced in proportion to 
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* Annual Report of the Borough President of Brooklyn, 1900. 
tion {Report of the Sewerage Commission of the City of Baltimore, 1906, 


ISCUSSION 


of the ‘stream, od ‘The drain, ‘which ‘north and 


through the center. of the city, must be large enough to prevent fiddling. 


Not only was the run-off expected under ordinary conditions portant, but 
fies also the - frequency of intense Trains; and there were practically no data on 


of the stream under storm run- -off conditions were but 
there notable. floods time to time that shad covered some of 


“flood ‘thad been to overflow. As caused. 
bridges, retaining walls, and other property, surveys had been made, -cover- 


ing possibly half a century, showing the extent | to which th the. waters, rose dur- 


ing notable. floods. It was found possible from these and other data obtained — 4 
from property owners along the stream, to plot the greatest known hydraulic a 
ce lope of the stream in flood, and as this included parts of the stream that had 


overflowed the gorge, cross- -sections were obtained at intervals for acon- 


“ia distance, in which - the velocity and quantity of flow - per second could 4 


For this ‘computation, Kutter’s formula for velocity was selected the 


aie ‘jtidlad reliable. The value of n was only decided on after an extensive search 
After completing these studies, on ‘the result of which the Jones Falls a 

it wa as designed, the "speaker was informed that several run- “off 


formulas gave: ‘results that checked this work, if proper coefficients were ap- 


“plied. But who could have supplied the correct coefficients in advance with | 7 


per Sa 


the speaker that with coefficients from his experience, 


> Dal he had | obtained a result by the use of a well-known formula, giving the run-- { 


consisting of three e ducts, each 20 ft. me 

now w been in service about ten years. % it has had to carry a number - 
“notable floods, but. has not yet | been called on to serve the maximum floo d- 


of the forecast! 


applying the Rational “Method é the d design ot storm- -drainage 
he re tem of | Baltimore in 1906, it was at first considered necessary to  approxi- 


mate ‘the using MeMath’s formula, and then apply the Rational Method. 

F a The ordinary curve of rainfall intensity wa was determined to be, rate yg 
“At thet, ‘time, the. data on which to base coefficients of run-off w were meager. | 


Rain- -gauge observations extended over a short period, and that for one 


jovality Before the: work had proceeded far, however, the Rational 
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the McMath as a check. 


were available as to the distribution of intensity. over large and 
_ some of the results reached by the Rational Method appeared highly irrational 


_ and ir improper. — As a result, ‘sizes were modified by a coefficient which for very 


J 
large a areas diminished the run-off per acre. te 


= There is obvious need of much more data regarding the habits of storms, 
their similarity, and their "departure from the expectations | of observers, espe- 


¢ 


but the laws (if such ‘there are) that “govern their frequency, and the 
f 


ie O effects of topography. Outside the data presented by the author, there 2 are 


» 
tee, if a any, ‘concerning the distribution of rainfall over a storm : area, and, for 
this reason, in particular, his paper becomes a contribution of importance to 


Of the effect of storm direction over an area on the aiuiiia’ little is known — 


is assumed. The tendency of cycles of high rainfall inten 
sity to. follow each other at rather short intervals, is also a subject of much 4 


4 


a 


importance, especially along the Atlantic Coast. Methods « of determining 


: 
4 the value of the various coefficients used in the formulas for obtaining the : 


quantity to be carried Gratis, would afford a fruitful subject for further 
study, as would also. the many ‘matters concerning which engineers 


have had to piece out the lion’s skin of fact with the fox’s skin of assumption. a 
ible 


0) ag Iti is quite poss to overcome all the difficulties referred to, and any others — : 


Falls which might be mentioned. It is helpful to reflect that all are being studied 


by: some of the brightest and most capable men the profession, to 


“have faith that. these problems will yield t to their enthusiastic efforts. 


rie 
the area exceeds 1000 acres ; he tae: tm, in the habit of making a progres- ae 


sive red 


The interesting presented by the author New 


and Bosto n data, obviously indicate the possibility: of using data obtained 


and durations are translated—or “rather This 


Lai ; res: obvious that progress is being made in rainfall intensity and 1 run-off © 
es ‘investigations, and that the designer of drainage works has immensely more 
proxi- information to 


work with now than he had ten : years ago, Much remains — 
to be ‘accomplished, however, before engineers | are entitled, strictly speaking 
; to: apply the name ‘ “Rational” to this method, if by the name is meant a method 


based on scientific data. and tested by experiments that leave no 


Tribus M. Am. Soo. E. —Mr. Hammond ‘the speaker 
of former conditions in the Borough ¢ of Richmond, one of the other sent pei of 
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‘all Prior -to 1902, although. for several years it had been a part of the city, 


Richmond was nothing but an aggregation of small communities covering, 
erhaps, 10 or 12 sq. miles in a long ey belt subject to urban condi- 
“tions,. supported by suburban developments, and still, , further, by open n country. 


One of the ‘speaker’s 8 first problems ¢ on n taking official | engineering control of | 


“4 tions. was ‘the fact that. the upper tributary area was a rather 
from which the drainage passed through a narrow neck or gorge, spreading out 9 
_ a broad valley, only slightly raised above sea level. 4 ‘This 3 valley again con- 


tracted into a long» rather narrow valley largely ‘populated. 


_ Many years previously, the lower portion of this area Lok been partly 


‘i _ served by a roofed drain, approximately 8 ft. wide and 5 ft. deep. _ The problem 


ze: was to determine the size of sewer for this whole territory for immediate use. — 


There were data; the chief City. officials, with control of appropriations 
er ‘Oh, me, the population there. does. not require big sewers; you do not 


‘Finally, after many petitions had been received, citing loss of work ‘and 


; sickness, even death, due to lack of drainage, the money was appropriated. 


Similarly, with rain- "gauges, ‘it was necessary tt to buy them first and explain 


‘s it afterward, — Then, by. means of a weir, the flow was gauged, and between 


Lyz,* + Assoc. M. Am. Soo. 0. letter).+— _The chief merit 
a of this excellent paper lies in its stimulating appeal for continued researches 


in local rainfall distribution. wad. gage 9t 
«Ibi is stated that for areas up to about 500 acres the variation of rate is 5 80 
Bk that the usual assumption of a uniform rate of rainfall is probably cor- 


but that for larger areas a reduetion of rate, may de necessary. It 4 
ES 


reasonable to suppose that the area. within which no reduction is required w 
be greater for storms of moderate intensity than for storms | of great 
isodyhyetals of ‘Plate It. establish this supposition. These reductions 


, se _should be considered, of « course, for Gulf Coast cities and for other places with 


Pe The ‘author’s method of applying data at New Orleans, la. _ wh ere storms 4 


are frequent and intense, to ‘the Boston, Mass., District by the fre- 
quency of. the storm, is highly scientific, and ‘if ‘proven to be correct should 
dl aid in the accumulation of valuable intensity-area curves for other cities also. 


ANTE 


For a long time, the writer has been trying to find fuller’ data. on imper- 
‘viousness. is to calulate the areas of pavements, roofs, ‘sidewalks, and 


other i impervious coverings, surfaces, which will be impervious “with: a slight 


a - wetting, but to estimate the correct imperviousness of grassed areas is unsat- 
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&§ Eat: “may become highly important in the case of large outlying districts. Could not 
* Prof. of Civ. Eng., Washington and Lee Univ., Lexington, MOS ] 
Proceedings, Am. Soc. C. E., January, 1924, 


DISCUSSION 0 INTENSE RAINFALL 


investigations be made National recom- 


mended by John R. Freeman, Past-President, A: m. Soe. C. 
iy ie velocity and direction of storms, as observed by ° Ww. W. Horner, M. Am. az 
“4 Soe. C. E., and commented on by the author; are worthy of fuller investigation — 
% as affecting the size of storm sewers. Su ch studies would evidently involve — “a 
many “more rain-gauges than are now available. It would also appear that 
¢ centralized control of rain- gauges in any locality. is highly ’ desirable, in ponder 
that they may operate synchronously and dependably. 
In conclusion, the writer would observe that ‘the time of concentration as 


stated in the summary} of the ‘Rational Method may not be the time required es 


_ for water to flow from the most remote point of the tributary area to each px poin a 

4 on the drain. Exceptions to this are caused by peculiarities of shape and the © = 

topography of undeveloped tributary areas. in the case of a long narrow area, 

instance, the storm-producing discharge might be of lesser dura- 
tion than that required for “the most remote drop to reach the point | in ques-— 

tion”; ‘ith the reduction of contributing area, tl there might 


balancing i increase of rainfall intensity. 


_ADOLPH F. M. Am. Soo. (by paper presents 


pre 


pos to ‘establish the between precipitation storm a area 
terms of frequency of recurrence over a specific area. Aes 


writer submits that this is not the deg intense 
4 cipitation and storm area in terms of precipitation | at the storm, center, as 
presented by the author. In determining, frequency of recurrence of given 
ates of at Chestnut Hill, the author presumably. cused 
all rates of given magnitude, which have been recorded by the Chestnut Hill 


gauge, without knowledge of where. the storm center passed, ‘Consi er those 


storms: in which the maximum precipitation did not occur at Chestnut. Hill; is 
in those instances—and these necessarily constitute the majority. of a all ‘sto 


will in the frequency determination—the recorded } on, at Chestnut 
| was less than at adjacent point, , and, therefore, the average 
cipitation over given area centering: at Chestnut Hill necessarily not 


| much less, and, in many storms, unquestionably y was actually greater than 


that. recorded | by the Chestnut Hill gauge. 
‘Using the: author’s data, the writer enabled to make a preliminary 
study of other storms than. those which centered at the ] Brookline Town Hall; 


- several of these storms showed. a higher average precipitation over a | circular 
000-acre area centering at this gauge than. the presipitetion rep corded 


a 


gauge, in accord with the statement given. 3 


4 Loc. cit. , January, 1924, 21. 


pers, Papers) 
city, 
ring, 
ntry. 4 
ol of 
ding 
ondi- 
out 
artly 
»blem 
> use. 
tions j 
| 
sand | 
splain -—} specific information has heretofore been available. Although it has long om 
t ay recognized that, as a general proposition, intense downpours occur over lim- 
— 
merit 
arches 
ai 
an 
2 is 
or- 
= 
It 18 
will 
ensity. 
ictions 
with 
has | 
he fre- j 
should 
imper- 
ks, and 
4 
slight 
| areas, 
uld not — 
Del 


DISCUSSION DISTRIBUTION 


is true. ‘that those storms in which the intensity 


ithe station was very high and the storm, therefore, was of great — 
y, the maximum precipitation occurred at the gauge the average 


ipitation over the adjoining area was materially less, A. reduction is 
unquestionably warranted in those cases, but the writer doubts the advisa-. 


ph bility of ‘applying reduction factors to storms which recur every 5 5 or 10 years, 
over areas of 5.000 acres, or less. gint to: Josten on) 

writer believes 


y 


cipitation to area ‘should be "determined from a a consideration of all storms on 


showing average frequencies of recurrence of, say, once a year, even though _ 


the central gauge did not show the maximum recorded ‘precipitation; and’ 
2 that the average e precipitation should | be determine ed over areas of given — 


having their’ center at the central gauge. securing information of this 


character, the best arrangement would ¢ appear to be a central control gauge 


and several others located about equally distant from it and preferably, not — 
1 ‘mile away. Practically all the storm maps presented by ‘the 


author can be re- -drawn, adding a fictitious s intermediate station with sreater 
= 


rainfall than that recorded by any one of the existing gauges, and still 


a rational : appearing ‘storm ‘map. In this respect, “maps of 
@ ‘ss  ingoonly: 1 hour or less differ radically from maps of storms lasting 1 or 2 


days, where : several stations usually record about the same amount 


ae cipitation and other stations record a large percentage of the maximum. 
three or ‘more ‘gauges ‘record about. equal amounts, say, within 20%, the 
location of the storm center is hardly known with reasonable certainty. = = 
bay _ The second phase of the subject relates to the frequency with which ae 


Be rates of intense precipitation will probably 1 recur at a given station. ikea, 


At the outset, the writer agrees: that climatic conditions, such as ‘tem- 
"perature, humidity, wind, and thunder- storms ; that topographic 
; that geographic position, 


uch proximity to the “With? its currents; that location: in 


paths | of cyclones, or to the windward | or leeward of mountain ranges, and 


=e the like—that these factors exert a great influence on the frequency of given ) 


On the other hand, he believes that Tange veda! of the United States 
have sufficiently similar climatic conditions and topographic features to ried 


“mit grouping all rainfall stations in ‘ those areas, for the purpose of determin- 


ters ig average frequencies of given rates of intense precipitation. | He believes 
the climatic and topographic differences _ which remain after ‘such 


grouping has been made, are less important than the observed differences it 
intense precipitation at adjacent stations, and in in succeeding decades: of time 
a the same station, which do not result from definite physical | causes, but 


solely from the fact that intense rain storms occur in an irregular, naps 
ds 


A study of the published records of the Weather Bureau yields ample 


that, in analyses of this kind, the relation of pres 
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' that many stations will lie near the borders of these gr usual | ‘ 


DISTRIBUTION OF INTENSE RAINFALL | 


ethods of. interpolation and weighted averages will be applied by the intel- 3 


designer in arriving at his conclusions. station located directly on 
border line will necessarily share equally in the rainfall characteristics 


the available precipitation records for every station, with varying 
climatic topographic: features, extended over at, least a century or 
frequency of given rate 


7 Tt 


there would be no need for discussing this pty Few cities, however, aie 


continuous records of intense precipitation for even half century. “Such ; 


} records usually give a fairly good indication of the frequency of ordinary 
4 downpours, but, at best, they constitute an uncertain basis for the estimation : 
= unusual storms to be ‘expected with a frequency | of once in 10 or 20 years; 


» and such short- term records. are utterly - inadequate as s the basis for predicting 


the probable. frequency of the extraordinary storms that ‘may recur once in a 


4 _ Eve er since th the writer made his d detailed study of f nearly 2.000 intense rain 
storms in the United States,*_ he hes held the view that the records: 0 


= of rainfall stations in a region of somewhat similar climatic and topo- 


- 


graphic features can be combined to produce an equivalent long-term record 
¥ that is a far better indication. of. the ‘frequency of given | rates of intense pre- : 


cipitation for a given city ‘than the records of that cit; ‘alone, even when 7 


a those records ¢ cover a period of 50 years or more. He has stated his reasons 


conclusi ol 
for this conclus ion in the f lowing terms: 


“Intense rainstorms usually cover only a a few square miles. Observation 

_ stations 5 or 10 miles apart usually show about as much dissimilarity in the 
rates of excessive precipitation during intense rainstorms as stations 50 
| 100 miles apart. As there are 3 only about 200 Weather Bureau stations in the 
| United States at which continuous records of precipitation are being secured, 

; itis apparent that only a very few of the excessive rainstorms a 

_ occur, are being recorded. An a few of the larger ¢ cities, of course, municipal — 


‘The records of adjacent observation ‘stations well indicate the irregular 


storm of October 1, 1913, for example, twice as rain fell in 12 hours 
Borough Hall in the Borough of Richmond, than at the United States Weather — 

_ Bureau station in the Borough of Manhattan, 5 miles away. It is safe -_. 
say that, taking the country as. 4 whole, doubling the number of. Weather 
E- Bureau observation stations would double the number of records of excessive _—~— 
obtained. For the same reason the records of several stations 
one region are equivalent to a longer record at a single 
record supplements the other, making a combined 


representative of the rates of precipitation to be expected in the given 
time 


ward Statistics show that | “stations with a disproportionate number of. very ex- 


ordinary storms. Other 


- tions! that have experienced many short storms have had comparatively few 


storms have usually had a a deficiency of 


John Sons, N. ¥., 1917. 
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The author’s Table gives the frequency of given rates of pre 


“ipitation at Chestnut. ‘Hill, based solely on records covering a period of 38 


years. ‘ The first: record i in n this table is a precipitation rate of 9.13 in. per] hour f for 


min., recurring with a frequency of once in 38 years. The question is? 


Does this record state a probable fact? 


A detailed study of 745 station-year records of precipitation in the United 


‘States indicates that only ten downpours exceeding i in magnitude even 8.4 in 
e hour for 5 min. have been observed at the stations covered by this study. } 


Two of these downpours ‘occurred | at St. Louis, Mo., and one at each of the 


writer’s | judgment, a 5-min. precipitation at the rate of 9. 1 in. ber 


hour is not likely to recur at Boston once in 100 years, much less once in 


8 years ; he estimates the | rate to be expected once in 38 years for 5 min. 


as TA ‘in. “per hour, or 19% less than: the conclusion indicated by ‘Table 5. 
In other words, entire neglect of the relation of ‘rate of precipitation to storm 


area for a 53 -min. _ downpour might have resulted in an error ‘of about 10%, 
_ whereas the difference in the rate of frequency of 1 recurrence, as estimated by 


"yg 
con the author and by the writer, respectively, as their best judgment, might pos- 


-sibly involve an error of about per cent. 
reyes gt 


show tha’ t the records of a single etition' ‘not constitute ‘a satis. 


_ factory basis for. estimating the probable frequency of intense precipitation, 

the writer presents T 11, comparing the C Chestnut Hill and the ‘Weather 

_ Bureau records at Boston for the 26-year period, from. . 1891 1 to 1916, as given 


in the ‘Harrison P. Bady, M. Am. Soc., C. E. , entitled, 


Tt ‘from: ‘Table 11 that precipitation recurring with 


frequency determined from the ‘same years of records, are > from 8 
tik 


16% lower, and average 12% lower tox: the Chestnut Hill Station than 

Se for the. Weather Bureau Station in Boston. _ The rates given for the writer’s 
No. 3, which includes average: 9% higher than the Weather 


records. The rates given. for the writer’s. Group No. 3 average 16% higher 
than the Weather Bureau records and 1% lower than the Chestnut 


year frequency dot a 5- -min, time interval determined 


the 38- year record for Chestnut Hill is 10% greater than if the same fre- 


quency rate had been determined from the 26-year record; and the rate for 4 


* the 30-min. interval i is 6% smaller. These differences result from the irregular 


haphazard  oveurrence of excessive precipitation tangible, phys- 


* Proceedings, “Am. Soc. C. E. , January, 1924, 32. 
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DISCUSSION ON DISTRIBUTION alae RAINFALL 


ieee (Aver: e Rates in Inches per Hour for given ‘Time Intervals. Yn: 


BY 


j ‘Time ve | Percentage | Percentage 
q of difference, | _of difference, 


IN FivE Years. 


inne 


FREQUENCY OF RECURRENCE ONCE IN TWENTY-SIX Yzars. 


ation, 


j 
e.” writer presents Table 12, "prepared from ‘data. published i in his: book,“ “The 


Elements of Hydrology,” previously referred to. ur 


a % Of the stations listed in Table 12 the first three, namely, ‘Meinl, onl 3 


| 


Cairo, and St. Louis, Mo., ; are near the border line of the writer’ Groups 


Nos. 2 and 3, and should average higher rates of ‘precipitation than the last 


‘three, namely, Indianapolis, Ohio, and Boston, whic 


as. during the. first period, based on on the 1 relative number of 3 years in two 


1 During: the first. 19 years, Memphis had only 17 sto storms against Cairo’ 8 
ne fre- whereas during the next 7 years, Memphis had 15 storms against Cairo’s 11. 
ate for Similarly, during the first period, Indianapolis had 35 storms against Boston’s 


regular | whereas during 1 the ‘second period, Indianapolis had only 14 storms against % 


phys Boston’ s 8. The station showing the greatest increase in the | number of 
storms is Boston, which had 8 storms in the recent years, as against 9 storms 


sD 


mber of heavy the period, 1896- 1914. ut 
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DISCUSSION ON DISTRIBUTION OF INTENSE RAINFALL | 
ae e writer ‘urges once more with the utmost conviction, that the probable 


‘ieee of recurrence of given rates of intense precipitation cannot safely 
be estimated from the records of a single rainfall station ‘until these records . 
z 


wot 
extend over at least a century, ‘and, even then, similar records from other rain- 


stations, although considerable distance removed, must be given 


consideration and great weight in reaching, conclusions. 


lavisiai 


TABLE Rates ar Various ‘Stations To ILLusTRATE ATE THE 


NuMBER oF » Dowxpours ExcrEpine 0.4 IN. IN 5 Mix ; 0.9 IN IN. 15 Min. ; 
(1.2 1n. 80 MIN.; 1.5 IN. tn 60 AND 1.8 IN. 
Memphis. 4 oe St. Louis. Indianapolis. Cincinnati. Boston. 


Consider, for the ‘excessive of 7 1 in. in 90 min. at 
Cambridge, Ohio, on July 1 16, 1914. Such a downpour » was not equalled i in 
one of the 745 -station-year records which the writer has studied, and, 
n his the probable frequency of the recurrence of such a high 
rate of precipitation in the same spot is less than once in 1000 years. — Ou 
of the 74 745, station-year records s between 1896 and (1914, ‘Teferred ‘to, the maxi; 
mum recorded rainfall for 90 min. is 6.03 in. . at Galveston, Tex. during | the - 
a torm of | April 22, 1904. During this storm, 7.58 in. of rain fell in 120 mi = 
‘The us use of the Cambridge record alone for that locality, without ee 
to prevailing rates of precipitation elsewhere, y would ‘result in a grossly in- 


accurate conclusion as to the frequency of given ‘rates “of: precipitation. Works 


lef improvement. designed on that basis would result in an unwarranted waste 
of the taxpayer's money. is admitted tha t other precipitation data 


should be given consideration in such aot Tastency as the Cambridge recor 
Sr 


then is not ‘the writer’s view conceded ? 30 
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“DISCUSSION ON D DISTRIBUTION OF INTENSE RAINFALL 
OW. W. Horver,* M. Am. Soc. ©. E. (by letter).+—The author is to be com- 
plim rented on the work he has. done on what heretofore has been considered 


rather remote, ‘if not negligible, factor in ‘sewer design. ‘The writer has 
for a long” time that this unstudied factor might prove, when 
’s work does a oe 


to up subject. As he states, his data hot sufficient to furnish 
Berto like final ¢ n of intensity of precipita- 


- tion during critical storms, yet it would seem to wa arrant the conclusion that __ 
“this variation can n be in 1 designing the ‘smaller ‘sewer districts. in 


In rolling country, the concentration of a 500- -acre will 

generally be less than 20 min. .. and of a 5 000-acre district, slightly less than = 
7 60 min. In the case of the 5 000- ~acre area and a 60- -min. storm, the reduction © 
in capacity | allowed by the author’s figures would be 15. ‘per Marston 
hesitates to ‘recommend a reduction of run-off to this. small extent, apparently 
because of the feeling which all engineers share that too little is known at 


present about the coefficient of run-off itself and that, as a result, one isn not 
justified in using fine in any « detail of sewer The 


it should include a of i ignorance 


— Having established this coefficient | engineers are justified in adopting al 
the refinements possible in the remaining processes of design. 
The writer is glad to note that the author has stressed the three a a 
~ tainties in the use of the Rational Method. Engineers have generally consid- _ 
A ered them as two, and the third, or variation 


considers of minor i importance (but 


ob The writer would like to add emphasis to the statement ¢ that the profession 


‘ 
“areas; “and third, the so-ca 
and, 


high 
Out 4 


= 


~maxi- 


, 


8 tional data presented on all three of the points mentioned: 


ference ALLEN Hazen, § M. Am. Soo. (by letter). J—The problem presented by 
‘the author is an important. one. Records of the requisite degree of accurac 


of a character to make them available for its discussion, are few; even 


time can devoted to a these records, and addi- 


J : Chr. Enegr., Sewers and Paving, St. Louie, 


= by the Secretary, February 13, 1924. 
» Am. Soc. C. E., January, 1924, p. 43. 


“ae 
ors ] 4 
ble 
ely 
ah | 
THE | 
—— the reduction indicated in Table 10+ would be sufficient to have a quite appre- 
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ov 
; second, the coefficients: of run-off from sewered a 
lled inlet time. In doing this, the writer confesses hs 7 
to a certain sense of guilt and of apology to the profession for the excellent = —_ 
___ records covering 13 years, now lying in the St. Louis office, which have been __ 
2 | 


INTENSE RAINFALL 


event, the 


result must be regarded as a tentative first approximation. 
The writer suggests that. a distinction might well be drawn between the 


highest. rate of precipitation found for any 1000-s acre tract, in any _storm, 
 and:the corresponding rate for a particular area of the same size. ‘Apparently, 


Tell 


. the + author has taken the | 1 000 acres (or other area) that could be measured 
from the: diagrams, to show the highest rate. of. precipitation for each storm; 
as the basis for the subsequent. procedure. These. areas would never be 
The data are perhaps hardly sufficient the study on another 
and more + difficult. basis, but the writer feels. that for particular areas, as, for 
instance, the. areas tributary. to certain sewers, it would: be found that the 


falling off in rate of any specified frequency with increasing area would be 


author mentions ¢ an unusual precipitation at Cambridge, Ohio. Other 


q 
general run of date; as to that they a are exceptions not extreme 
cases 


being, perhaps, 200. year storm, which is a 1 moderate 


Suppose, for example, ‘that there were 500 observers, including volunteers 


i Ohio, o or in some. larger area, and that this record at Cambridge is the 
‘Ge maximum recorded by any of of them in a 20-year period. If this was so, the | 


record would be a maximum for 10 000-record years. _ This, obviously, is not 
precise, as neither the number of stations that could properly be brought into. 
nor the number of years, could. be determined, but it does give 
broad general ¢ check. If this record is taken as the 10 000- "year term, that 
‘ B is, ee. amount such that there i is a 0. 0001 chance of its occurrence at any one 


otk hers. more. or less it, engineers might well be led to question 


better these records. could. be ‘ith | 
run-off records actual catchment areas, their value would be still further 


j. the excellent OT d, however, 
4 q ‘the matter is so important as perhaps to warrant stretching the data further 
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ANALYSIS. THE STRE IND THE RING 


‘ 


We 
“tbs 109 Messrs. ALMon H. Fuut LER AND Epwarp GopFREY. bac 


H. M. AM. E. paper bears 


as far as in 1 order to secure a gain in as stated by 


q of and. the application of ¢ a ‘few fundamental principles 
_ mechanics, supplemented by some of the more intricate or ones, is as -understand- 

able as can be expected. He has examined this paper sufficiently to feel that a 


trail has been blazed, which | can be followed with confidence and with fewer 


a 


that in turn, may be obtained no more a dha! 


"somewhat tedious application of mechanics, calculus, and algebra. Clear think- 


ing, , however, is required to transform these forces into unit stresses in all 


- parts of the crown section and in other sections. The assumption that the 
nA whole plane of any longitudinal section remains a plane needs verification : 
this particular instance. ‘Stress measurements on full- sized skew arches would ite 


contribute much toward these an 
Iti is to be hoped t that any ‘existing experimental data will be contributed ‘to 


i, the present discussion; further, that the way will yet be found to conduct the a 


proposed tests Although the author perhaps wisely refrained 
lengthening the paper by, including tl the computations for the’ concentrated 
iy loads on ‘the model, it might be well to add them ¢ as a second appendix or, a 


least, to indicate the means of adapting to concentrated loads the expressions 


si developed for live loads when uniformly distributed. . By doing this, he might — Ree 


a _ enlarge the number of readers and the general ‘usefulness of this noteworthy _ 


Epwarp ‘Goprrey,§ Au. Soc. C. = ‘(by letter). Many. failures 


with skew ‘arches and basket- handle arches. 2 


____ * This discussion (of the paper by J. Charles Rathbun, M. Am. Soc. C. E., published in _ 
a February, 1924, Proceedings, and presented at the meeting ‘of February 6, 1924), is printed 
: in Proceedings in order that the views expressed may be brought before all members incl 
State Coll.; Cons. Bridge Engr. 
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DISCUSSION : “ANA LYSIS STRESSES IN RING OF SKEW ARCH | 

_ paper, in Fig. 1* and Fig. 10,+ by basket-handle arches. Skew arches and . 


handle arches a are frequently desirable for appearance, 0 or to fit condi- 
tions; but, in the writer’s, judgment, the proper solution of either problem is 
in what might be termed ‘ “camouflage”. Dros thon 

reason that a basket- -handle or semi- -elliptic arch not a proper 
structure for r ordinary conditions is that the semi- -elliptic cur curve of equilibrium 
‘pre-supposes active | horizontal pressure of the fill on the haunches of the arch; 

and a soil does not exert an active | horizontal pressure under ordinary condi- 
es tions. At least, the pressure it may exert cannot be relied on for the stability 

— If the semi- -elliptie shape of the intrados of an arch i is s desirable for appear- | 
ance, it can be maintained by a curve of short radius close to the sp springing of 
arch. The extrados should be of long radius, or approximately parabolic, 
so that the mid- line of the arch ring (neglecting the “fillet” at the roving) 

near the curve of equilibrium for vertical loads. only. aia 633 sil 

In any skew arch of the type illustrated by the author, the load. a 

tendency to t take the nearest course to the abutment, the reaction tending in 

a direction normal to the barrel of the arch. This ‘produces : a twisting moment > 
_ the abutments as well as a horizontal twist | on the arch ring. That the 
stresses and moments are exceedingly ‘complex is evidenced by the author’s | 

_ ‘The fact that a number of arches ¢ of this type have failed should be an 


7 _ warning to a designer who uses it. A mathematical solution, no matter how 


it may be i in theory, is not enough to cover amberent in he 


Lo 
In order. to. obviate this type of skew arch, and, ‘therefore avoid all the 


separate parallel rings ¢ or ribs can act as as ‘regards 
main arch stresses. In the writer’s judgment, this i is the proper thing to do. 
= _ Flexible ties (say, rods passed through pipes embedded in the intermediate ribs” 


and fully anchored in the outside ribs) could be used t to tie the skew. arch 


together and obtain lateral ity. oft % ‘ol shined { 


y thine a false ceiling could be hom under the arch, or the, under side of each 


arch rib could made to. conform. with the cylindrical, surface. The: 


_ * Proceedings, Am. Soc. C. E., “February, 135, we 
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1 
HYDRAULIC D DESIGN OF THE SHAFT SPILLWAY 
THE DAVIS BRIDGE DAM, AND HYDRAULIC 
chy TESTS ON WORKING MODELS 
Messrs. H. B. MucK.eston, H. J. | 
B. eston t Am. Soe. C. E. (by letter). -$—The author’ s mathe- ¢ 
i - atical treatment of the problem of flow into a funnel is open to question. He 7 
| starts with an investigation of the flow over a a broad- crested, level, flat-to pped 
“a t _ weir, and applies the resulting formulas to the converging flow over the edge of Eo 
a | afunnel. The writer questions if such a proceeding i is warranted; lean sal 
4. — however, that it is, the author’ reatmen f the flat-creste eir may 
“ae questioned, is edt aot winger douly 
“an ee Making the usual assumption that the kinetic energy of a owing. stream — 
is some function ¢ of where is forward velocity of the 
fifty feet per second, or, in other words, V = which A is the area of cross- 
1 the - section, in square feet, the rinciple of least energy requires that in any o en 
hannel the energy isa minimum when in which is the 
0 do. of at feet. Substituting A V ‘for Q, this 


_arch to 3 an elementary area, 1 ft. in | width 


= 


f the considered, then =: the elevation of the energy gradient above the 


bottom, of ‘the channel i is 1. 5 A. _ This comdition i is now generally known as flow — 


ts When water flows over. a broad- -crested, flat- -topped weir, it passes — 


ov er the ‘up-stream: edge. at a depth depending on conditions at that. point. It 
flows across the weir, diminishing in depth and losing. energy. in 
- process, and flows off at the critical depth. Flow at the critical depth can exist fr 


only at the lower edge ; because « any other condition would involve a gain in 


total energy between that point and the lower edge, which i is impossible, he 


9 bo * This discussion (of the paper by Ford Kurtz, M. Am. Soc. C. _E., published in Decem- : 

ber, 1923, Proceedings, and presented at the meeting of March 5, 1924) is printed in Pro- 

hs ceedings in order that the views expressed may be brought before all members fo for further 

Cons. Engr., Vancouver, Canada. as 7 


‘ 
di- 
| 
1 
q 
| 
| 
woh 


vs Ih flowing stream is never a _— function of V, that is, it cannot properly be 


red (page 1962") at the same result in finding expressions for nd 
and u. for 27 in his they reduce to: fe 


vo “eto 


is ‘the « critical for the given quantity, which can exist 


into quantities, a and b, and res silting equation for the 


a. it 3 However, this theoretical treatment of the critical depth is ‘itself based « on 


an assumption which may be very far from the truth. The kinetic energy of a 


Ea. represented by the velocity head calculated from ‘the mean forward velocity, 


or i it * this fact which accounts for the difference between the various values 


The writer also_ takes, exception the author’s statement ‘ “the 
hydraulics of the cylindrical shaft and tunnel are, course, very “simple 
-_ questions very much whether the extension of the Kutter formula, or any 
nes empirical discharge : formula, to velocities in the magnitude of ft 68 3 ft. per 


knowledge of the facts. The writer knows of 
at such. velocities, and he. doubts whether there 


are “any, more especially for quantities as large as 27 000 sec-ft. _ The cal 
culations of the head lost i in curvature and transition ¢ are, ‘also, in the writer’ 


Opinio » based ‘on unstable foundations. Such experiments as have been 
recorded were made with small pipes and comperatively low velocities. may 
be justifiable | to extend experimental deductions over a short range, b but 


diameters and velocities of the order treated by the author are excessive 


waits the matter of entrained air, the writer is of the e opinion that a ‘great deal 


"more trouble will be experienced than the author apparently anticipates. - The 
writer ‘has seen in action an hydraulic air compressor based on the Taylor 
» principle, in which funnel flow was the only means provided for entraining | the 


Ese. (by letter). $—The type of model 


ef which the author has made such an interesting series of experiments, is the 


* Proceedings, Am. Soc. C. E., December, 1923. 
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“same as that: in 1911 and « since at ‘the Taf ‘Fechan Reser- 
voir, , South Wales.) * ite wok » to ass 


a. A circular spillway had previously been ‘constructed for the ‘Font Reser- — 
ae = at Tynemouth, England, about 18 years ago, but, in that ‘instance, the 
| overflowing water first fell into a » basin: forming a kind of stilling pond, and — 
wt - then ¢ over a circular weir formed in masonry. Below the crest of this weir, 
na _ there ‘was a rapid decrease in diameter to connect with the cylindrical shaft, 4 
the water fell into a deep sump, which, with the stopping in the tunnel mA 
_ immediately up. stream, presumably would divert the \ water. times | of 
Ay . heavy flood, this arrangement must. have been hard on the lining of the chefs 
at and tunnel i in of the s sump. In. it. could have had only 
author’s investigations and his conclusions are of particular interest 
‘the writer, because he was unable to determine the behavior of the. Taf 
Fechan Spillway and. Tunnel experimentally. In the Taf Fechan Spillway, 
the ‘granite crest was 66 ft. 3 in diameter, rounded on its, up- -stream edge, and 
Of the bellmouth was struck with a radius in vertical, axial planes of 30 ft., 
rly be leading into the vertical “shaft, 16 ft. in diameter. The "desirability of 
icity, introducing piers. on weir crest to “prevent vortex. motion and. to pro- 
sates duce a more uniform depth of flow, was considered it was deemed inad- 
visable, however, to. allow any. projection above crest that might trap 
y floating débris, such as trees, _ In the bellmouth, as. constructed, there are 
70] four granite fins, radial in plan, 9 in. thick, with a maximum’ projection 
“the (18 in, which tapers off ‘at the top. just ‘below. weir crest, and, also 
at the b bottom at. the junction with. the cylindrical shaft. cr sectional 
or any of the channel which forms t the access to the weir, over about 
ft. per “its length is so reduced on both sides of the ‘median line as to insure a com- \ , 
of ‘Paratively low and fairly uniform circumferential velocity. It is anticipate 
¢ there that t there will be no great difference between the heads on the weir. hi pein : 
ae oak voir side and opposite the smallest section of the channel of approach. bab agth 
eiter’s The radius of the | bend at the foot of the shaft is” ft., and there the 
diameter changes. rom 16 ft. in the shaft ¢ to 13 ft. in the tunnel. To. have 
increased the radius would. have added considerably to ‘the cost of 
ze, but tion at. this point. _ With regard to the weir, the writer investigated | the ee 
xcessive flow “over - sharp-edged circular \ weirs ranging from a to 26. in. in . diameter,* 
and for three sizes the coefficient i in Q = CL inereased 1 from 2. 93 
Ae = = 3.03. The fact that. the flow varied Hts? was quite 

“s establi shed ; subsequently, the index for sharp-edged rectangular. and trape- 


zoidal weirst was also found to be less than 1. 50, 


= ‘Turning now to Table 7,4 Experiments 2 and 7 are seen to. lie well on the _ 
curve of Fig. 17. Using these experiments to determine the constant, C, and 


| " index, 1 m, in the formula, Q = CLH™, it will be found that C: = 2.1 | 
= 1, 34. That Cw vill have a a larger value i in the actual spillway, the writer 


* Minutes of Proceedings, Inst. C. E., Vol. CLXXXIV (1911). 
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has no doubt, but the difference between 1.34 and the value, 1.50, taken by the 


; ia author as the basis of comparison for the flow ratio,* "is striking, and — 


that instead of this ratio being , 7 tre it should be ;- pte | The increase of C may 
possibly increase the ratio to 0 s-soo but « even this. “would call for a weir of 
= about 40% greater diameter than is proposed, as it does not seem to be 


fig 
F. JAKOBSEN, + M. AM, | Soc. (by letter). {—The advantage of the 
1 ordinary weir spillway lies in the fact that it has a large factor of safety; 
a since the: discharge is proportional to Hi, , it increases: more rapidly than H. 
‘The disadvantage ¢ of the siphonic spillway lies in | the fact that it i is s nearly inde- 

pendent of H; its advantage, in that it is to a ‘threatened 


when H = 9.5 ft, the capacity is about 33 000 sec-ft. ; is 

increased to 14 ft., the’ ‘capacity is increased only 3 per cent. contrast to 


_ this, the weir type of spillway would discharge 80% more sididien! the increased 

E: : In the writer’ 8 opinion, the critical part ¢ of the proposed spillway is not the 
upper, but tiie The discharge ¢ capacity of the upper } ‘part ‘is 


for ‘small 
8.0 ft. to 8.6 ft. would biotin ise compensation ; but if an ‘error of 10% 


exists in the lower part, that j is, in the shaft, due to an incorrect estimate of the 


a various coefficients involved, a change of head of 0.6 ft. would not help ‘matters. 
Bt _ Moreover, the writer see pe that the error of calculation i is likely to be much 


at 
greater for the shaft ‘than’ for the upper part. t. The arrangement ‘evidently 


“ig 


— be such ' that the knee shown in ‘Fig. 25 will lie well above the crest of 


Great accuracy in determining the spillway capacity is not required, 
ad aii. cm ptia. at r at 

because the maximum flood i is not known with any degree of certainty. Prob- 


| ability’ calculations ¢ ean give only approximations, even when the. records for 


= floods are fairly accurate, which is seldom the case, ana ordinary guessing 


is likely to be still further from the truth. For earth dams, an excessive 


is ‘involved. — Tn this case, ‘the ordinary | weir spillway seems to be ideal, because 


= 


* Proceedings, Am. Soc. C. E., December, 1923, 1969-1970, 
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- spillway capacity should be provided, because the ‘safety. of the v whole structure | 
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REPORT OF SPE CIAL COMMITTEE “APPOINTED 


CONSIDER THE REPORT MADE TO THE N 


AN. 
_ FIRE PROTECTION ASSOCIATION ON 
‘IRE E HAZARD OF DOCKS, PIER 


- Arwoop,t ‘M. Am. Soc. E. (by letter). writer would 
q ‘suggest that in the report of the Special Committee « on Fire Prevention a 
“Docks, Piers and Wharves, ‘in Section III, Paragraph’ 2, third line from the ay 
~ bottom »§ the sentence be changed to read: “It should be of a material equiva- ae 


fe 


Lot the in fire- resisting quality to a reinforced concrete wall not less than 6 in. 


is pro- f thick”, _ A similar change is 8 sugg gested i in the wording i in the fourth line -_ 


sated me The reason for these suggestions is that the service records in the: hands: 
1 from of the Committee on Marine Piling Investigations indicate that the maximum 


rf 10% F damage to concrete occurs at and immediately above low water, and that tfew 
of the structures are immune. 6- “in, wall is ¢ thin; the reinforcing should n not t be 
natters. 

e much 2 center. ‘Unless great care was ta taken to build -water- -tight forms, it 


a 
sdenth almost ‘impossible. to cast such a wall without considerable permeability. The 


crest of ce records show that concrete in this position is of uncertain life. Built : as these 
me, 
walls would have to be, the chances of even a reasonable length of | life are 


S small, and the writer does not believe the Societ ty ‘should approve a recom- ‘a 
Fs mendation for a form of construction of this questionable. value. ‘It is his | 


belief ‘improvements in the binding materials v used in concrete are. pos- 
sible, which would make the construction of such a “wall. reasonably 
xcessive from” a standpoint: of durability, but these improvements have not as 


tructure hy been made in materials available i in the market. It seems, therefore, that t 


‘because suggested for this clause is a desirable 


* Presented to the Annual Meeting, January 16, 1924. 
Committee on Marine Piling Investigations, “National Research: Council, 
, N. t 
§ Proceedings, Am. E., 1924, Society. Affairs, p. 275. 
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566 MEMOIR OF DUDLEY DIGGES BRITT 


x 
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= MEMOIRS OF DECEASED MEMBERS 


the S will amplify the records as here printed, or correct any errors, should be forwarded to 
the Secretary prior to the final publication, 


DUDLEY DIGGES BRITT, M. Am. Soe. C. 


Dudley Digges Buits, the ¢ son of E Exum Bri itt and Ellen Custine Britt » was 
born at ‘Suffolk, Va., on May y 1, 1872. He was of English descent, from a 


ns Britt was graduated from Suffolk Military Academy in 1890 and like 


young engineers of that period, engaged ‘in railroad work immediately 
afterward. 1] For the next ten years, he led the wandering life of the Railroad ~ 


and Construction _ Engineer, having been employed 


Moutaisi Columbia Westen, the ‘West Virginia. Shortline Railroads. 


ate 


tot In 1900, Mr. Britt ‘opened an engineering office in Clarksburg, W. Va., and 
in soon established a large practice in railway a and coal development. | He served 
as City Engineer of Clarksburg and Chief Engineer of t the Fairmont ‘and 


Clarksburg Traction Company for fourteen years. gained his greatest 
engineering success in ‘the design construction of coal’ mining plants, 


Ere 


together with railroad connections and mine part 


r. Britt gradually ‘Pecame involved in coal mine well as 
and was s President of the Corona 
yi 


r esis 
ran nd Craig, 


Operators, tha Director of tha Hutton Coal Company, the 

Company, the Philippi Gas Coal Company, the Clarksburg I ‘Industria Coal 


Company, the Elk “Hill Fuel Company, the Glen Ek Lumber Company the 


> 


berty Oarbon Co bobaghe: 


_ Britt was public -spirited citizen, with a keen interest in political 
and civic affairs. _ He was ready always to help i in any good 1 work . an was one 


of the leading citizens, as well as one of the leading engineers, of the district. — 


e did his, part to make his world better | and happier and will be remembered — 


i no o less for his ‘unquestioned integrity and lovable kindly personality, ‘than ad 4 


i% m February 18, 1903, is Flora Camden Bailey, of een, 


Britt was, elected a Member of Civil Engi- 
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was” 


| construetion of the Seventh the Queen’s 


| ] the Charli in 1872, and studied. at the School of 


= 


‘THOMAS ELLIS BROWN, M. Am. So E* ‘Si 


was thei son Ellis peed Adeline Hamilton Clinton 
L ig _ His early education was obtained in private schools. | i He was graduated 


1874 and 1875, Mr, Brown: served as. a Rodman on the Atlantic 
and Lake ane Railroad, in and from January J 1 to Sune 1876, he was 


Building, New York, N.Y. September 1, 1877, to July, 1878, 


part 
ished 


ell as 


he was Chief Draftsman ay the New ‘York Loan and Improvement ‘Company. it 
"Subsequently, he was employed by the Edge Moor Iron Company on a contract 


for a New York elevated railw: ay, and, during the same year, also at the works 


hes June, 1879, Mr. ‘Brown was appointed Assistant Engineer of the 


Elevated New ‘York, N. Y., under William 


Boller, Am. ‘$00. C. E;, on's surveys ‘for’ a River Bridge ‘and, in 
‘December, 1879, che was appointed Assistant E ngineer of the Manhattan Rail- 
way Company, which position he occupied until August 1, 1881, after which o 
he was employed a sa Transitman on a survey for the East River and Con 
necticut Railroad, also under Mr. Shunk. During 1882, Mr. Brown served as 
Assistant Engineer of the New York Steam Company, was then appointed 
2 Engineer of the Mutual Life. Insurance Building, in’ New York, under Mr. ae, 


Clinton, the Architect. This ended what 1 may be termed period of. pre- 


ai: Mr. Brown was s employed by Otis Brothers and Company as Chief Engineer, — oa 


on June 1, 1884, and from that time until his death, _ he was associated with 
this Company and its successor, the Otis Elevato r ‘Company, Chief, or 


= 


liminary training for his more important engineering work. 


= Engineer. was closely identified with the development ‘of 


the hydraulic and electric: elevators, which have made the modern high build 


— feasible. A close associate in this work writes of Mr. Brown, as’ follows: 


a 24 x | n my opliiion:; he stood at the head of his profession as an all-round 


ioe engineer. I believe that he was responsible for the modern high 
and low-pressure hydraulic elevators being designed on sound ‘engineering 
principles. As he never claimed to be an electrical expert, the development of | 
= the electric elevator, especially the high- -speed gearless type, was the result 
anf ‘of the combined efforts of several men, both mechanical and electrical . engi 
neers, including Mr. Brown. * -* * 'T believe he was the first Chief Engi 
- neer of the Otis Company and had to put the designing ea eh on a 
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“MEMOIR OF THOMAS ELLIS BROWN” 
notable elevator installations ‘with which Mr. Brown ya connected 


- too numerous to mention. The inclined elevators of the Eiffel Tower, in 


aris, France, were designed, built, and installed under his direction, in 1888 7 
nd 1889. The elevators in most. of the tall modern buildings in the cities of 
the United States were built by the Otis Elevator Company, and he participated 


either generally or ‘specifically in their design and construction. The elev vators 
in the Woolworth Tower, in New York, including the air safety cushions, b built — 


in 1914, are notable examples of his skillful and i ingenious work. on 


During 1891, Mr. Brown became Consulting Engineer of the Otis Gtiiaey 


and in this’ ‘relationship was able to undertake many important 


for engineering work independently of the ‘Company. i Here, again, his: work | 


was varied and included a wide range of problems, Some of the important 


“works which he designed a nd which were built’ under his the 


Viaduct, of the ‘North Hudson ‘Company Railway, with elevators, 
= n 1892; the Catskill Mountain Incline, finished the same year; the Glasgow _ g 


tl 


Harbor Tunnel ‘elevators and the Prospect Mountain’ Inictines. completed in 


9898" and the Weehawken and Beacon Mountain Inclines, in 1902, The 
nd built 


elevations of the Elbe Tunnel in ‘Hamburg, Germany, were an 
under I his direction ; as well ; as the numerous: elevators of London Under- 
round Railways, which were built during 1905 and 1906. Bares cy a 
\s early a s 1895, | he became interested in the design of movable bridges 


pa doe 


‘and, in 1896, proposed an ingenious type of construction for a proposed double-| 


leaf counterbalanced bascule bridge over Newtown Creek, Brooklyn, N. 
he was awarded a prize of $5 000. ‘During 1908, the. Ohio ‘Street 


_baseule bridge, i in. Buffalo, N. Y. Was built from. his. design, which was 
development from that of 1896 for Newtown Creek. In 1914, the Hamburg 
“4 Turnpike Bridge, in Buffalo, was completed from similar plans, and, in 1922, 
the Mystic ‘River bascule bridge, at Mystic, Conn., was finished. 1 

-_ involved improvements on his earlier plans amounting to. practically a new a 


type. was: characteristic of work. always sought to improve 


engineering practice and ‘was not satisfied rest with a particular type of 
: however satisfactory it had seemed at the time. 
_ Mr, Brown’s attention was not given exclusively to elevator and bridge — 


engineering, as may be noted from his accepting | a position as Chief _Engineer ‘ 


+s of the Highland Valley Power Company, in Idaho, about 1903- tH 
- _ During the construction of the emergency dams on the Panama Canal, in — 
1911-13, his advice and assistance in perfecting the details of the hoisting 
machinery for the track girders and ‘was 0 of ‘much value. 
His ¢ contributions to engineering literature were net numerous, but 
paper on “Passenger Elevators”* which was presented | before the International 
Engineering Congress: in St. Mo. » in 1904, was very 


q 


Am. Soc. C. E., Vol. LIV (1904), Part p. 133. 
Am. Soc. C. E., Vol. XXVII (1892), 
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Memoirs. oF ‘WILLIAM. BARNARD FULLER 

_ He was; married on May’ 26, 1887, to Florence Coralie | Bleecker, of New 

- York, and is survived by his widow, four sons, Clinton Bleecker Brown, of. 


New ‘York; Thomas Ellis Brown, Jr., of Yonkers, Bache Hamilton 
hee of Morristown J.; and Otis de Raasloff Brown, of Newark, Ohio, 
four grandsons, and five granddaughters. ati to 


te An intimate personal friend, ‘also an engineer, writes of Mr. ‘Brown, 


“Looking back over the long y years of my friendship with Tate Mr. 

| Thomas E. Brown, my impressions of him easily fall into four ome his 

| personality, his charm, his strong mentality, and his modesty. POAT: ae: Pee 

personality impressed itself upon me at our first meeting 
Moor, 45 years” ago. He ‘seemed to radiate individuality, there was. ‘a 

i attractive timbre in his voice, he carried himself in a way that suggested a — 
touch of the Cavalier: there was a ng about him which differentiated him — ir 
from the restofus. sale ana 9H bun 
“It was not long before like fell under the influence of 

| his charm, of which he himself was perfectly unconscious. This gift, ‘coupled — ; 

: with a ‘real goodness of heart, attracted to him a host of friends. He was 
‘Tommy’ to the elder men, the heads of the professions under whom he served = ; 

or with whom he became intimate. They, too, felt his charm, —— 
affection for him, they had a genuine respect for his capacity as an engineer EP 
“Brown had a very unusual mental make -up. _ Gifted with a strong 
retentive brain and an ‘exceptional power of concentration, he never studied a 
subject but that he mastered it, and that knowledge was ever afterwards at 

| his immediate disposal. The thorough grasp he had « of his profession, together 

| with his charm and personality, made him an ideal executive. He had _ 

trait, which is not as common as it should be, the humanity of his ora 
with his subordinates. 


he absorb. all the glory for a piece of work well but gave “due 
* those who had assisted him. And to the end, he was always ready to give oe 
a helping hand to a fellow practitioner. — Despite his friendliness, no one ever a ra 
_ presumed on his good nature; there was a certain dignity about him 
only his intimates dared to penetrate. 16 ST te oor 
“Withal that Brown was a master in his line, and was justly proud 
of his work, he was singularly modest, and allowed his work to speak for him. _ F 
Take him all in all, he was one of the ablest and most lovable men it has ae a 3 


iS. ‘Mr. Brown was elected a J unior of the American Society of Civil saat 


on November 3, 1880 and a Member | on 2, oat 


fete WILLIAM BARNARD FULLER, 


| William Barnard Fuller was born at. Swampscott, Mass., on November. 12, 
1862, and received his engineering education at the Massachusetts. Institute o 
Technology : from which he was graduated i in 1883 with the degree of Bachelor 


of Science. Subsequently, he ‘received the degree of Doctor of — 


— brepared by Glorge c. Robertson, Esq Buenos Aires, Argentine Repean 
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[Memoirs. 
Mr. Fuller dia career as ‘Engineer of T Track, 


tf 


~ 


s Bridges, and Buildings with the Northern Pacific Railway Company, which 
position he held from July, 1883, to May, 1887. During this time, he also’ 
design ned a water- works for ‘and supe rinténiled a we 


1886 and 1887, Mr. Buller served a as for: Oity of 
Duluth, ‘Minn. In the latter year, was: elected City Engineer which posi- 


Mr ‘Fuller later devoted of his ¢ energies to the adil 
He served as. ‘Designing Engineer f for the filter 


at ‘Albany, N. > Utica, N. Trenton, J., and “other cities, and 


designed the sewage plants for Columbus, Ohio, Mount Kisco, N. Y, 
—. and other places. He was also engaged as one of the ‘Designing Engineers” of 


: ‘4 4 the Metropolitan Sewerage Sy stem of Massachusetts and for the Passaic V alley 


Trunk, Sewer of New J ersey, and had charge of the construction of the Boon- 
y town Dam and Tunnel of the New. Jersey W ater- Works Company, which 
the water supply of Jersey “City, ‘pnd various )surburbs. 
‘During ‘six years ‘of the various. Mexican” revolutions, he ‘served as. First 


“weer 


Chief E Engineer and, later, as General ‘Manager: on the construction of the. dam 


of Santa. Rosalia, State. Chihuahua, Mexico, a hydro- electric. project 
4 - furnishing: power to ‘the mines in the vicinity of Parral about 70 km. distant. 


a: trying ‘conditions, having ‘been | three times a prisoner of the paca Mexican 


bandit, Pancho Villa, and nearly losing his life at his hands.) ‘pire 
Mr. F uller was well-known as an investigator of the action of concrete 


under various conditions, and was the author of the’ well known ‘Fuller /pro- 
curve. He ‘had also collaborated with several authors i in the ‘prepara- 
_ tion of textbooks on the use of concrete, and previous to. ‘the World War was 


BS Junior Member of. the firm of Johnson and Fuller, Consulting Architects, of 


3] 


= During the World War, Mr. Faller was ‘the construction 


i. a a design of water supply and sewage disposal plants for Army encampments in J 


Big Bend Section of Texas. Shortly thereafter, he left for Montevideo, 


‘Uruguay, where he was employed ‘as: Manager for ‘the Uruguayan Branch of f 
Messrs. George E. Nolan, Incorporated of New York, N. “Y., and was engaged 


in the design and construction. of. “water works systems and roads until shortly 


before his death in Eagle Rock, Calif., on June 17, 1923. a 


eee a was elected a Junior of the American Society of Civil Engineers 


June 8, 1885, and a Member on May 1,189. 

RUDOLPH | HERING, M. Am, Soe. aud vz! | | 


Rudolph Hering, born in Philadelphia, on ebruary 26, 1847, was 


son of Dr. Constantine Hering ai and ‘Therese Buchheim Hering. .. Dr. Hering 


Memoir prepared George W. Fuller, McMinn, and John C.. Trautwine, Jr. 
Am. Soc. C. E., and ‘Charle es Whiting Baker ‘Esq. 
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“MEMOIR or ‘RUDOLPH HERIN 


to. Dresden, Germany, whee he the » Public High ‘School 


the Royal Saxon Polytechnic Institute, from which he was graduated in 1867 ae 
Returning to the United States, he was employed on “surveys for 
Prospect Park, in Brooklyn, N. under the late _ Martin, M. Am. 
Soe. C. E., and was one of a quonn: 46.5 young engineers who, later, achiev ed 


distinction elsewhere in engineering work. _ Next, he assisted in laying out 


‘the extensions of Fairmount Park, in Philadelphia. 


a result of his. training abroad, ‘Mr. Hering was familiar with the 


of the plane- table and had a working knowledge of graphic statics and an appre- 

ciation, of the artistic side of engineering. ot oi ir ot 


The year 1872 was spent. as Astronomical Observer with the expedition 


which the United. States Government sent to explore and record various 


features of the newly established Yellowstone Park. On his) ‘return, Mr. 


Hering was for three years in Phi on the design and supervision 


construction, of ‘the _He had fa: Bridge 


from 8 serious yellow fever. National Board of Health was 


therefor. With few exceptions, “sewerage works in the United States at. 


time were meager and faulty, and far below ‘European. standards, and Mr. ome 


Hering was commissioned by the National Board of Health to make a thorough e 
investigation of European sewerage practice. _ After studying 
large representative cities of the principal European countries, he made, 


1881, what is still the most important. report that has ever appeared 3 in America 


as to the fundamental principles of Sewerage Engineering. 

Following his return abroad » Mr. | Hering began his consulting 

practice. “From 1882. to 1888, “his” time was very largely to three 


important ‘engagements: the first: “was the supervision, in ‘the ‘field, 1 inde 
the late Gen. William L. ‘Ludlow: of Engineers, U. Ss. A, Am. Soc, 


Cc. E,, an. exhaustive study of 6 of water supply for ] Philadelphia; 


the was the | service, from 1885 to 1887, Chief Engineer of the 


Drainage and Water Supply Coriinission’ Til. which was created. 
to devise « a method for keeping the sewage of the city out of Lake ‘Michigan, — 
then as now used as the source of Chicago’s water supply. _ These investiga- - 
tions were the basis for the establishment | “the Chicago Drainage Canal. 
After leaving Chicago, Mr. Hering ‘éstablished himself in New ¥., 
where hé was actively engage in private consulting practice for more than 
thirty years. ‘Here, “his third: large investigation conducted, that of 


reporting on on ‘the betterments | to the basic design for the local system of wolleet: 


a 


= 


= 


‘rack, || was a prominent physician and a leader among German-trained medical men #£é§f 
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OF RUDOLPH HERING 


were extended from the bulkhead to the Hinds! in ‘the old 


City of New York. ivi i! sifduT vita 

= i ‘At this period, the germ theory of disease was beginning to receive sub-— 

= antial recognition from members of the Medical rofession, and r. ering, 

‘having’ quickly grasped its significance, informed himself as to the steps: 


essary to the adjustment of Sanitary Engineering ‘to this new order of things. 
an In this task, he proceeded i ina thorough- -going fashion, carefully | ascertaining 


the results of the more important investigations ‘that were then being 


conducted i in America and in Europe: 


ate 
‘Alhoogh ‘tho structural aspects of been of principal 
of his active work, he 


hed the vision 1 to see e that, i in of water supply and 


sewage disposal, it was important to keep abreast of the times, not only with 


regard ‘to the earlier ‘recognized phases of « engineering, ‘but also in the allied 


subjects of Biology'and Chemistry: 


4 Mr. Hering was one of the first to recommend mechanical filters for puri- 


fying’ water supplies at Atlanta, Ga., and elsewhere, ‘and. was connectéd with 
important water supply investigations for New York, Philadelphia, Washing- 
ton, D. ©., New Orleans, La., Columbus, Ohio, Montreal, Que. , and Toronto, 
—Ont., Canada, Minneapolis, Mii, and elsewhere. He was a member of ‘the 


: r-Hering-F Freeman Commission that reported: in 1903 on additional 


that his activities were greatest. It was” along that line, ‘also, that 
his accomplishments. led to’ his ‘designation; m many “years ago, as the “Dean 


= Sanitary Engineering” in America. Recognition ‘of § such standing was 


perhaps first ‘made by the 7 late’ President Harrison, who, i 1889, appointed 


Hering as Chairman of Commission including late’ Frederic 


Stearns, Past- President, Boe. and M. Gray, y, M. Am. 


| 


oc. E., to prepare a program “for: sewerage improvements ‘for Wash- 


ington, D 
Tn the field of | disposal, Mr. Hering was identified with a majority 


of the larger undertakings in America for a period - of more than 30 years. 


Besides those already mentioned, these include projects, Providence, 

» the Passaic. Valley in Jersey, Baltimore, “Mad. , Reading, Pa, 

“Columbus, Atlanta, New. Orleans, Los. Angeles, Calif,, ig “many. smaller 
aa cities. He was t the first to. introduce. in America the Imhoff typ pe of septic 


tank. Hering ‘Engineer for the, ‘sewerage system of the City of 


OLE 


Mexico, and im association with the. late EA. Fuertes, Am. ‘Soc. _O. E, 
and J. H. Fuertes,. M. Am. Soe. C... Ey be designed a of 


gewerage-a and a public water-works for the City of Santos, Brazil. 
Examination of professional papers Ty McMinn, M Am. Soc. 


ke 


/ OF Es , Shows: that he Scat made engineering reports | for more than 250 cities and 
towns on. a wide range subjec Lists of. these places and 


i 
ig 20 
3 
1 
|| 
— 
— 
Pe 
ge 
= 
— 
4 
7 


@ ia 

Memoirs.) MEMOIR OF RUDOLPH’ HERING 


Hering v was a liberal contributor to numerous 
the ransactions of the: Society, his. ‘earliest paper, entitled “Brick 
~ - Arches for Large Sewers,”* which attracted much favorable attention, having 

He became deeply interested in the of Ganguillet and Kutter, 


for. ‘determining the velocity of water flowing in open channels and pipes, 
ei was instrumental in securing a publication of that ‘formula ‘at the Phil- od 


adelphia | Centennial Exposition of 1876. He contributed the most useful 
chapters of book expounding this formula, entitled “The Flo w of Water 
in Open Channels,” written ‘in collaboration with John 0. ‘Trautwine, J 


Mr. ‘Hering contributed liberally his time to the’ advancement of 
knowledge in all branches of engineering sanitation. F For many years, he 
vas an active worker on the committees of various professi 
he considered the advice of ¢ engineer: i 


uri- § 

4 element in formulating a a program. His most ‘important committee. work 
with 


was. undoubtedly that undertaken for the American’ Public Health| _Asso- 
iation in the matter of the collection and disposal of refuse. He gathered 
: a Re statistics as to the results | of operation and otherwise elucidated the practice 


in America and in Europe. About twenty-five. years ago, he gave liberally 


‘ill his time and money toward | gathering information on this subject, 
ts <1 

wage publish ‘promptly and fully the 1 results of his investigations in ‘the 


geont +i to ona zy: . 
Mr. Hering was in partnership with George W. Fuller, M. Am. Soe. C. E., 
from 1901. to 1911, and with John Gregory, M. Am. Soc. from 
intel 1, 1911 to May 1, 1917 . After the latter date, his | activities were” con- 
| fined largely to the writing” of a book entitled “Collection | and Disposal of 
Am Refuse” of he a! Joint author: Samuel A. M. Am. 


‘4 


solid wastes of municipalities. 


De 


ean 


jor rity men, many of whom came to and This kindly 
years. interest was a lovable trait. which he revealed to many, ‘both in ‘America and 


dence, . abroad, a ind whereby h he proved a strong inspiration to many struggling young 3 


mallet © walle Hering had an unusual gift of learning the new ‘developments in Euro- oa 
pean practice, ‘and of stating them in a manner that made their usefulness 
available to his co-workers in America. By many, , he was considered the fore- vane 4 : 


‘most “American engineers s in "teaching his associates on this side of ‘the 


ocean how to be wisely guided developments abroad. TS. 
In 1907, he received an honorary degree of Doctor of ‘Science from the 


q 
‘University of "Pennsylvania, and, in 1922, an honorary degree of Doctor 
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nf MEMOIR OF RUDOLPH HERING 


: : American Sock: 


of. Mechanical Institution of of Great Britain; 
American Institute. of Consulting Engineers; Canadian Society of Civil | 
Engineers, now the ‘Engineering ‘Institute of Canada, having. -served as 
member its Council in 1900- 01 Amerionn. 
of which he Vice- President. i in 1901 and President in 1913; Engi- 
Club of Philadelphia, having served as President in’ 1882; 


Club of; T ‘renton, Boston Society. of Civil | 


1 Water Works, Association, the New, England Water “Works Associa 


tion, in both of which he held } Honorary Membership; Western Society of 
his E ngineers ; Franklin Institute; Verein Deutscher Ingenieure; New J ti 
sanitary Association ; American Forestry Association ; State Board of Health 
J of Pennsylvania i in 1883 ; American Association for ‘the Advancement of! Sci- 
ence; American Society for: Testing Materials; American Society for Munici- : | 


‘a Fellow of the American Academy of Arts and 


also hela membership The Century “Association, New York; 
Chicago Literary Club; Century Club, “of Philadelphia; Twilight Club, of 
New York; Pennsylvania Society ; Alliance F rancaise, and the Outlook Club, 


of. Montclair, ‘Se; Municipal Art Association ; and the Deutscher Verein, 


a At its meeting i in Chicago, tm, , on July 10, ‘aos 23 , the Board of Direction 
f the Society unanimously adopted the following resolution : sf 


Whereas, Death “has from the ‘American Society 


Civil Engineers one of its most honored members, a ‘Past- Director and 
Hering, one of the foremost pioneers in the field 
of. 


ience of Sanitary Engineering in. this pa and to the elevation of 


“Therefore Be It Resolved, That in of Mr. Hering the Society 
has lost one of its most able members and the Profession a most prominent 
goa It Further ‘Resolved, That a copy. of this resolution. be spread upon 

f the Board of Direction of fhe Srerioan Society of Civil | 


“a copy forwa rded to the family of the deceased” 


The Council « of the Institute of Consulting. Engineers 
“Whereas, Rudolph idhartes of the Institute 
Consulting on the 30th day of May, 1923, in the Tith 
“Whereas, . Dr. Hering was for more years one iting 
practitioners of engineering through his” active connections with a large 
> number o ‘prominent water supply and sewerage projects in this country 
was ‘long ‘recognized as the Dean of ‘Sanitary Engineering in America; 
pas ‘Whereas, “Dr. Hering, was one of ‘the foremost students of ‘European 
practice in the field of Sanitary Engineering and witht rare ‘skill brought the 
his countr ; and. 
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“Whereas, Dr. Hering possessed helpful personality which 
endeared him to the hearts of an unusually large number of young engineers — “| 
whom he greatly inspired with his helpful advice; 
“Now Be It Resolved, That the American Institute of Consulting Engineers . q 
urns the loss of one of its most accomplished | and valued members, and ~ "dl 
rooords its profound sympathy for his family in their great bereavement; and — a i 
“Be. It Further Resolved, That a copy of these resolutions be sent to Dr. 


{ 


‘The ‘Sanitary Engineering Division of the Society, has established . a 
4 medal, ‘to be known as the “Rudolph Hering Medal”, which is to be awarded — 


to the best contributions to the Transactions of the Society on the funda- 


Mr. Hering is ‘survived by his. widow, Mrs. Hermine Al 
and five children, Oswald C., . I 
a whom is” a ‘practicing architect in New York. 


‘Heri ng was elected a “Member of the il 
on January 5, 1876, and served a as a in 1891, 1897, 1898, 


ra 


Meith 


at ‘da Henry McCann was born in Belfast, Ireland, on June 2, 1346, and a 
was brought to America in 1849, by his parents wh se o settled in New ‘Haven, 

Conn. His ‘mother died i in 1853, and, in 1855, his father x married a second time 


and. brought his family to Brooklyn, N. jab to bis gi bre 
Life at home seems to. have been uncongenial to the boy, and so with the — 
courage and ‘self-reliant spirit | which distinguished him through life, 


x might be inferred as inherent from the place of his birth , he ran away at the 


age of twelve, and did not return until after the Civil War, in 1866. lis sirmagal 
November 19, 1861, at fifteen years, of age, he enlisted and was mustered 


into service as a Private in Company. G, 90th New York Volunteers, to, serve 


re- -enlisted the same Company. as a Veteran Voluntee 


on. ‘February 20, 1864, , was promoted to be Sergeant on 1 February 1 10, 1865, and ; 


“was mustered out with the Company and honorably from the ‘Service 


As a child, Mr. McCann had been christened ‘Henry, after his father. ‘When 
he enlisted, for. fear his father should discover his whereabouts and procure 
a rejection by reason of being. under age, he gave the name of Thomas H. © 
MeCann, his grandfather’ ‘3 name. For the. remainder of his life, he w was known 
by, that name. 6 ot baat, { ot 
| Although. attached to a a command which saw more than the average of hard 
re between 1861 2 and 1865, in all parts of the enormous field of the Civil 


War, from Virginia to beyond ‘the Mississippi, although endowed with a 


ft 


Memoir by Edlow Harrison, Soe. C. E. 
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OF" THOMAS HENRY 


who were, », had great difficulty i in | drawing from him anecdotes and indidente ~ 


scenes and events s which live forever in history, ‘ “part of which | he was”, a 


command bore a “most strenuous part ir in the Battle of Cedar Creek in the 
er In the course of the topography of the Appalachian Belt 


between the Hudson Valley and the North Carolina highlands, while 
ag with the writer to be called as experts on ‘opposite sides i in a tedious case, Mr. 


a McCann, i in illustrating a point as to the influence of the mountain ranges on — 


stream to the Atlantic and the Mississippi, took ‘out a pencil and made 

rough sketch of the Shenandoah ‘Valley from Harper’ Ferry down, with the 
gaps in the Blue Ridge which figu red so largely in the strategy of the. Civil 


Wess r ‘The local knowledge he displayed was the first, intimation the writer fad; 


eye- -witness of nearly half a century , of one of the most dramatic 


5 i ‘in all war history, which has been embalmed i in poetry, picture, and sculpture — : 


all time—Sheridan’s Ride—and t the turning of a disastrous defeat a 
great vietory, all within one day, October 19, 1864. be. 
McCann’s” command had been fighting a rear- from early 


— morning, and had fallen back before the enemy for some distance » along he 


line of the Valley Pike. A little before 1 noon, there was a lull along their eiiat, 


and the exhausted men had thrown’ themselves down along a roadside ditch, ; 
when the faint sound of cheering was. heard | up ‘the road. The sound 
. and i in a cloud | of dust, General Sheridan, followed by a small ‘escort, yy 
passed, waving his hat and shouting | “Turn back, boys! we'll whip them yet. : | 
Turn back!” Mr. McCann described it, the effect was electrical. if The tired 


men ‘sprang to their feet, waved their caps and cheered. Companies ‘were | 


hurriedly reformed, and down the road and ‘across the fields the shouting men 


first idea of future engineering work came ti to Mr. McCann during the 
siege of Port Hudson i in June, 1863. He had been detailed to assist an officer 
os on a mortar battery. . His Commander seems to have taken a 1 fancy to the boy, 
and they talked together. With the thirst for knowledge which ‘Mr. 


‘McCann always exhibited, this intercourse of about six weeks, with constant 
experience in the study emul practice of explosives and projectiles, with a young ~ 


: man fresh from the school- rooms of West Point, had a great effect, and he | 


ie: then determined that after the war he would make engineering his profession. 
a On his: discharge in 1866, a few months before his twentieth birthday, he , 
_ returned to New York, Nw Y., and succeeded i in obtaining a position as Rodman 4 


Sewer Department | of the Board « of “Public Works of the: city, "under 


| 


the late ‘Albert Wingate Craven, Past-President, Am. Soe. C. E., an d one of 


a the founders of the Society. At the same time, he attended a city night school | 


; and afterward ‘the ‘Cooper Union night school, from which He was graduated 


Mr. McCann’s innate modesty NEVEr nm to capitalize his long war 
: it experience nor to use it as an asset in his future professional life. Very few q 
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MEMOIR 


Mr. McCann: was a the generation, of a group of 
pioneer American « engineers, largely self- taught, and mainly in the: et: 

“4 hard experience, not. specialists, but, of “necessity, all-round men who laid the 

_ foundations and reared the scaffolding of the greatest miracle of physical 


. construction ever known j in the world’s history. In the limited field in 1 which 


his professional practice lay, mainly Hoboken, "Hadsdn County, and Northern | 
a Jersey, his work covered — operations which, in value and importance, 
- compare favorably with the : average of engineering work of the country. gr ss 
Ss In 1872, Mr. McCann removed to Hoboken and was engaged as an Assistant 
in + the office of Messrs - Spielmann: and Brush (the late Arthur Spielmann and — 
Charles B. . Brash, Members, Am. Soc. C. E. He yernained with that” 
and, after Mr. Spielmann’ s death, with Mr. Brush, u until 1889. 
In that year, Mr. McCann formed a partnership with» Mr. Albert Beyer 
= the firm TEES of Beyer and McCann. yi ‘During ‘these engagements | as 
a Principal and responsible Assistant of those firms, he worked continuously in the bi 
 Gleale developments i in Hoboken and | North Hudson County, which have > 7 
converted this area of small, detached ‘suburban settlements, containing ‘several 
miles of unimproved water- front on the Hudson River, into a thickly inhabited — 
~ community, with great industrial plants and railroad terminals, and miles of 
improved. water- front utilized by a large ‘proportion of the foreign ‘commerce 
-" the Port of New York, including many of the larger vessels of the world’s _ 


the fifty years of Mr. MeCann’s professional life, he had engineering 


charge « of ‘the construction of steamship piers to accommodate the 4 000 or — 
§000- ton vessels of the great German | lines in Hoboken, and, as the years 
passed; the reconstruction and extensions made necessary by ‘the ‘advent of 

larger’ vessels, until, before his death, he had been engaged as Expert Con- - 
‘. sultant for the steel and concrete deck piers for the Leviathan. = line 


4 As Assistant to Mr: Brush, in 1884, Mr. McCann was Resident Expineet ei 


the Mr. Brush was Engineer of thes Hoboken Land and Improvement Com- 


charge of the construction | of the plant: of the Hackensack Water Company is 
from New Milford, N. J., to ‘Hoboken, including several large reservoirs, : 
_ water tower on the Palisades, and a distribution. system covering many miles, 
ineluding Englewood, Hackensack, and other towns in Bergen County, New 


Jersey, and all the North Hudson territory, including ‘Hoboken. fo 


on. 


which | owned the holdings. of the family estates, including the | 
— Ferries. In addition to work on the piers, Mr. McCann 
a the slips and ferry-houses of both upper and lower ferries i in Hoboken, and the ine 


Barelay and Fourteenth Street ferries in New York. was: also Chief 4 
< Assistant for the unfortunate enterprise 0: of English promoters to tunnel. the | 
| Hudson, which ended in the flooding of the bore and the death of the men at a 
% work. _ After: twenty years under water, the old work now forms part of the 
town tube of the Hudson and Manhattan Railroad Company. Mr. McCann 
was ‘probably the first, engineer to give. lines and gr rades below the bottom of 


Hudson. He also “designed and ‘constructed the first ele vated trolley 


in New Jersey, _ from Hoboken Ferry to the Heights, as well a8 the two inclined 


planes with platforms, now used for’ 
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the, power- houses, car barns, and bridges, complete. 


 [Memoirs. 


In 1893- 95, he. the. “White Line Trolley” 


_ from Hoboken to Passaic, N. J., now part of the Public Service System, pata” = 


For some years, he was associated with and assisted. Gustav Lindenthal, M. 
Am. Soe. ©. E., in consultation on local details, borings, ete., for the proposed — 


wae 


‘Hudson River ‘Bridge, from: Twenty: third Street, New to Twelfth 


and Overpeck ‘Creek on the Heokensask, Plank Road; the. bridge over 


Passaic River at Jackson Street, Newark, N. and the long draw- bridge on a 


the shore highway over the Raritan River. at Perth Amboy, N. 
For several years, “Mr. McCann served as Chief Engineer of the Shore 


Railroad in Hoboken, which has been a short, but important, Tink 3 in. | tying u Up a 
the great railroad terminals with the steamship docks. bio 


addition to these specific: works, Mr. McCann v was constantly engaged, 


- to ‘He was an omnivorous reader of scientific works, and remembered all that. 


read. He _was also a careful, intelligent, and trusted expert in litigation on 
a engineering matters. He found time, late in life, to write a short history: of 7 


a private soldier in the Civil War, especially interesting as to Sheridan’s great _ 


campaign , in the ‘Shenandoah Valley i in 1864. In 1890, he translated, with Ie 


comments, a German report Shp of eser River 


“MeCann made a voluntary. study of modern school construction in 1 comparison 

with the old-fashioned structures then existing there, with the result that his’ 
_ ideas and plans were adopted and incorporated in the first modern school 

_ building « erected i in that city, and which has since been. followed by others. 1s a 

died on October 25, 1922 , at his home in Hoboken, where. he had lived» 


WILLIAM BAIRD PATTON, M. . Soc. C. 


‘Novi EMBER 29, 1923. 


William Baird Patton, the son of William “Wagner and Elizabeth 


(Baird), Patton, was born October 14, 1860, Germantown, Pa. His father 


was. a ‘of ‘the. ivil War. His ‘mother was of Revolutionary. descent, 


being a grand- -daughter of Dr. -Absolom Baird, a surgeon in the Continental 


Army, and. a great grand- daughter of Major John. Baird, who served under 
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MOIR OF WILLIAM BAIRD PATTON 


ia) “Mr. Patton was 8 educated i in the public schools of Philadelphia. He entered 
— University of Pennsylvania in 1876 and was graduated i in 1880 in the Civil 
Engineering Course, with the degree of Bachelor of Science. 


4 
q 


He was in ir | the City: Survey Department Philadelphia 1881, 
. iad Railroad’ as Locating Engineer, remaining i in that service until April, 1883, 


sy when financial difficulties caused the Railroad Company to cease all operations. — 


Dri was appointed Engineer of the Village of Duluth and served three pra a 


i 
a when he went to Duluth, ‘Minn. “ in . the employ of the Duluth and Winnipeg — 


| such. In 1888, he was, elected County Surveyor of St. nty, 
Minnesota, and re- elected in 1890 and 1892. 
In April, 1895, Mr. ‘Patton was appointed | City Engineer 
a Duluth, serving ‘three terms, until 1897. “He was re-appointed in 1901. 
7 served for three years. During all this time, he was also engaged in in private: 
7 practice as a Surveyor a and Engineer. | While City Engineer, he designed the 
Works plant, and started its construction. ‘He also designed 
4 and supervised a number of other impor tant municipal not 


only i in Duluth, but in many of the villages and cities in the northern part of 


water. also designed a concrete dey dock for Texas City, Tex., but 


q 


oy in 1903, with Thomas ] F. McGilvray, M. Am. Soe. C. E., he organized | the 

- Duluth Engineering Company to carry ona general wee engineering and sur- 
_veying business, serving as Manager thereof until his: death. n October 11, 


1920, with Messrs. Samuel S. Gannett, of Washington, D. 3; John G. D, 4 


Mack, of Madison, ‘Wis., Mr. Patton was appointed by the United States 

Court to determine and fix the boundary line between Minnesota and 

a. on the St. Louis River. | The work was carried on during the winter a 

of 1920 and: 1921, in order to ales advantage of surveying over the ice. = 4 

Ink ebruary, 1917, Mr. ‘Patton passed the Government examination for 


- rank of Major i in the Officers’ Reserve Corps, Class B, in which he served until om 
January, 1918, which time ill health necessitated his” retirement 


service. the time of his 1 retirement, he was stationed. at Camp" ‘Lee, 


‘Patto was an et ‘enthusiastic! Mason ‘and’ was ‘revered by’ all members ‘of 
rs the fraternity \ with whom he came in contact. dt He served as Master of Palestine 
Lodge, A. F. and A. M., at Duluth, for four consecutive years; three years as oe 


‘High P Priest of Keystone ‘Chapter, F RAL M, and one. year as: Commander of 
Duluth Commandery, He was honored in 1910 by being ‘elected Grand 
Master of the Grand Lodge of A. F. and A. M. of. Minnesota, and was Gland 


‘Patron of the Order of Eastern Star. by 4 was a Thirty- third member 


of the Scottish Rite Branch of Mason x bobs fous i 


* ‘He 5 was an Honorary Member of the ‘Lodge of King Solomon’s Temple of aig 
‘the: Grand having been one ‘of four Masons in ‘the United 


* 


MEMOIR OF SAMUEL ROCKWELL 


Z States to receive that honor, the others being Presidents. ‘Theodore Roosevelt 


and William Howard Taft, and General T. J. Shryock, of Maryland. © wa rb 


— Mr. Patton had been a member of the Duluth Chamber of Commerce from 


and. had served as Chairman on some of its most 


ae was a member of the Baptist Church a and active in its work, particularly 


. Sunday School, haying been ‘Superintendent at one time for sixteen 


yo _ Mr. Patton was a man of unusual character and i integrity, unsullied | reputa- 
s tion, and “unimpeachable honesty and honor; and in his death the Engineering | 


Profession has lost a man of great worth; the community, a patriotic and loyal 


citizen ; and his family, a loving husband and father. He is survived by his 


Mr. Patton Was élected a Member « of ail Society of Civil Engi- 


: neers on May 2, 1911. He was ‘also a Past-President of the Duluth Section 4 


the Society, and a member of the Duluth Engineers Club. 


¥, SAMUEL ROCKWELL, M. Am. Soc. C. E* 


(Prince) Rockwell, Born in Brooklyn, N. Y., on n February: 20; “1847. He 
was of English and Colonial ancestry, a descendant ‘William Rockw ell who 
7 settled at Dorchester, Mass., in 1680, and also, of William Brewster who came a ; 
Pe Pilg: to America in 1620. in the Mayflower and settled at Plymouth, Mass. “His 
father, who died when the boy was nine years old, was a J udge of the Supreme 
Eis — Court of ‘the Second Judicial District of New York State and prominent in 


Rockwell ‘received his education in Brooklyn wid 


- Bridgehampton, N. ¥, after which he spent six | years at sea, serving as mate 


on several vessels and receiving his Master’s papers. rs, He then entered the 
Bei Sheffield Scientific School of Yale University and was graduated in the Class — 
of 1873 with t the degree of Civil Engineer. eid Yo omi it 


‘During his college vacations, Mr. ‘Rockwell was as employed as Flagman with 


% a party on the location. of the Adirondack Railroad (now part of the Delaware s 
-Hudson Railroad) ; as Levelman on the St. Paul and Pacific Railroad 
(now part of the Great Northern Railroad) ; and, as Engineer on the location 


of the Green, Bay and Lake Pipin Railroad (now part | of the Green Bay and 


After 4 graduation, _ Mr. Rockwell became Resident Engineer for the Dela- 


ig ware » Lackawanna, and Western Railroad ‘Company ron its improvements. at 
Hoboken, N. ‘This work included several cbridaes,,, including one. over ‘the 


Hackensack River, and the. Bergen Hill Tunnel, 


Memoir prepared by Willard ‘Beahan, . Soe. C. E.,. leveland, Esa., 
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a ‘the Baring Brothers compelled the cessation of the work, — 


On the completion of this work i in 1877 Rockwell ‘into a 
hip with Mr. ‘Edmund Saxton, with offices at Kansas. City, Mo. This 
firm was engaged i in 1 general contracting work and the uction munici pe 


4 water- -works at St. Louis, Mo., New Castle, Ind., St. I ‘Paul, Minn., and Kansas 


1G: 


“From: 1885 to” 1887, Mr. Rockwell was” employed as Location Co 


“struction Engineer « on the St. Paul, “Minneapolis ‘and Manitoba Railway ‘(now 
a part: of the Great Northern Railroad), He afterward served as Chief Engi-_ 


on the construction at the Eastern Minnesota Railway, includin ng 


1890, he appointed Chief Engineer of a railroad the 


death of promoter and the “financial situation arising” from failure 


In 1891, ‘Mr. Rockwell was engaged as Chief of the Duluth and 
innipeg Railroad, which position he resigned to enter the service of the 
Lake Shore and Michigan Southern . Railroad Company. He remained with > 


latter Company until his retirement in n 1918, having served as ‘Engineer 
' in Charge of the Michigan Southern Division from 1891 to 1899, with head- . a 


owe 


quarters at Toledo, Ohio; Principal Assistant Engineer from 1899 to 1904, : “a i 
Cleveland, Ohio;-Assistant Chief Engineer in 1904 and 1905; and Chief Engi. ie a 
_ neer from 1905 to 1912. On September 1, 1912, he was ‘retired on. account - 
age limit and made ‘Consulting Engineer, in which ‘capacity he. served 
‘From 1918 to his on November 21, 1923, Mr. Rockwell 
in private practice at Cleveland, Ohio, asa Consulting Engineer. At 
He was married on June 7, 1881, to Miss Cordelia A. Geiger of St. J oseph, 
who died in 1908. Mr. Rockwell subsequently was ‘married to Miss Ida 


Estelle Horton, who, with four sons, a brother, anda 1 sister, survives him. — 


3 by his professional work. He was of a generous disposition and disposed to 2 4 


ey be just in all his decisions. — He held the good « opinion of his employees for a 
| firmness and for his kindness of heart. His early life at moulded his 


manner to a degree, and was precipitous in n arriving at conclusions and ‘some 


what brusque i in his 1 manner of expressing an opinion or giving an order. | He 


_ was always ready, however, to admit a mistake and to make prompt amends for 
a it. Mr. Rockwell belonged to those pioneer American railroad engineers who | 


_ should be honored for their courageous earnest work in the winning of -_ 


West and giving to the country its needed transportation. ai 


Lhe He was a member ‘of the American Railway Engineering Association, ve 


Royal. “Arch Mason, and a member of the Athletic Club. 
Rockwell was elected a -Membe 


Engineers. on J anuary 7, 


Mr. Rockwell never held or sought public office, choosing to’ be known solely 
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ROBINSON SCOTT, JR., M. Am. Soe. Cc. 


James Robinson Scott, Jr., r., the son. J ames Robinson Scott and Lou 
Emma Scott, was born in Champaign, Ill, on October 25, 1885. ¥ His father, 
who was of Scotch ancestry, and his mother, a lineal descendant of Daniel 


SE 
Mr. | Scott obtained his ‘early education i the public schools of Champaign. 
He entered the University. of Illinois in September, 1903, , and was, graduated 


= in June, 1907, with the degree of Bachelor of Science i in Civil ‘Engineering. 


good record of scholarship, combined with a quiet a1 and unassuming: manner, 
b, - caused him to be well liked by both his classmates | and instructors. He was 
a mem ber of the Beta ‘Theta Pi fraternity and of the Civil Engineers’ Club. 
| iL 


After graduation, Mr. Scott was employed by the Illinois Central Railroad 


Pe ni Company i in the capacity of Designing Draftsman i in the Bridge and Building 
a Department, his attention being ‘confined to masonry and bridge structures. 


The most i work in which he was engaged at this time was the design 


¥ 

q | 
the “span of a bridge over the Cumberland | River. In J uly, 1910, 

he w as transferred to the field a s Masonry Inspector on a street subway at 

oy Champaign. On January 1, 1911, he was placed in charge of the eases 

of concrete piers, of the Big “Muddy River Bridge near Murphysboro, Ti, 

a which consisted of | a main span of 177 ft., with approach spans 0 ie 
ft. each. While. ‘this work was under way, Mr. Scott had charge of 4 
construction of a street subway ¢ at | Murphysboro. September, 1911, he 
again transferred to | Champaign, where he assumed. charge of the con- 

~ struction of the buildings in connection with a new freight and mechanical 

‘a rminal, including a roundhouse, a machine- -shop and a storeroom, together 
ee with the necessary sewerage and drainage systems. - His work with the Railway 


i Company. was concluded at the end of 1911, when, on account of ‘malarial 


7 


attacks to which he had become subject, he to Colorado. Here, he was 
at once engaged by the Denver Tramway Company as ‘Engineer of Bridges 
Buildings, in which ‘capacity he had charge of ther construction: and 


g bie: maintenance of a . number of minor r structures 01 on its city. and interurban lines. | 
eid In November, -1912,. Seott. employed by Herbert Crocker, 
2 


Soc. Consulting Engineer of Denver, as Resident ‘Engineer in 


charge of the field construction of the Fourth South Street Viaduct, in Salt 
City, Utah. This. structure is a highway viaduct. cover the yards of the 
Denver and Rio. Grande Western ‘Railroad: System, the superstructure being 


ws steel over ‘the railroad tracks, with reinforeed approaches. Its” 


t ber ed. 
‘Early in in 1914, ‘the Salt Lake City, having. been practically ‘com- 


pleted, Mr. Scott was transferred to the office in Denver, where he was engaged 
_ principally. on the design of reinforced | conerete spans for the Colfax-Larimer 


Viaduct in that city. On November 6 6, 1914, he was in anpogiet: by ‘the C. S. 
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"Memoirs He EMOIR OF BENJAMIN FRANKLIN THOMAS 
7 ‘Lamb bie Company, Engineers and Contractors, of Denver, as Chief ‘Engineer, 


- which position “he held for more than two years. _ During this time, he had 


7 engineering charge of that ‘Company’ s contract work on the Colfax- Larimer oe 
_ Viaduct, which consisted of the design and construction of steel forms, super- _ aay 


. intendence of the work, and the establishment of a large plant for excavating : 
and washing sand and gravel aggregate. . He later. designed an extensive 
‘ concrete sheep pen, built by his Company for the Denver Union Stock Yards, 
In April, 1917, Mr. Scott. became associated with the Colorado Builders, 


Supply ‘Company, of Denver, as Chief E ngineer and Contracting 
having charge of building designs, "quantity surveys, and the sale of building 


materials to owners and contractors. ‘This engagement, particularly, increased 


his acquaintance among business. professional men and was the means 
by which he gained many strong friends who respected him for his 
his” conscientious work, and his uprightness of character. He remained with 


this Company until a sudden | complication of ailments proved too strong” for ee 
‘his never robust health. Mr. Scott « died May 3, 1928, and was 
2 laid to rest at “his. place of birth. 


n engineer of ability, Mr. Scott 


an ‘open mind, executive qualities, and a winning personality that w would h: have we 


; carried him far i in his chosen profession. ‘He leaves a most honorable record 
performance. His more intimate will not forget his modest “ways, 


his delicate sense of humor, and those rare qualities nf mind and heart that = 
so endeared him to all with whom he came in contact. In his profession, ; a 


social life, and in sports, his courtesy and kindly consideration w were neve aan 


was a member of the First Presbyterian Church of Ti; 


of Arapahoe ‘Lodge No . 130 A. F. and A. M,, of Denver; ‘and of Colorado 
No. 1 (Thirty- -second of Denver. He was also a member of 
the Western Society of Engineers, the Colorado Society of Engineers, the = 


Denver Athletic Club, the Lakewood Country ‘Club, and the Denver Motor 


» 


olf March 1, 1910; an Associate Moiibee'e on September 3, 1912; and-a Member ee 


ranklin ‘Thomas, the eldest son of J and Hannah 


been with, the degree of Civil Engineer, at the 


National Normal University, Lebanon, Obiog (8091) 904 


Memoir pre by ‘William M. Halt and H. 
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of Lawrence County, Ohio. That work: was 


a. by an engagement in Philadelphia, Pa., from October, 1874, to 
: 1877, the period of preparation for and holding of the great National a 
nial Exposition that city in 187 16. His principal “service during that 
engagement was as Draftsman, thereby perfecting himself in that art, 60 
4 important to an n engineer. From the latter part of 1877 to early in 1879, he was 5 
= engaged on land surveys, ‘maps, and reports thereof, in the States of Louisiana © 
and ‘Texas. Immediately following, from 1879 to the ‘summer of 1883, 
served on the construction of the Chattaroi Railway from Ashland, Ky., up 
_ Big Sandy River, to the Peach Orchard Coal Mines, first as an Assistant Engi- — 


per and during the last two years as Chief Engineer. - That line i is now a part 


i Tn August, 1883, “Mr. Thomas was appointed U. S. Assistant Engineer in 
ta charge of the _ improvement of the Big ‘Sandy River, which was one of his 


duties at the time of his death. From that date his service was continuous, 
except for a Short period as ‘Engineer for the ‘Building Contractor on ‘the 


__ construction of ‘Lock No. 37, ‘Ohio River, and, during the. period of the World 
x ar, as District Engineer: of the Second ‘Cincinnati District, thereby making a 


his term o of service for the United States only, 10 days short ‘of 39 years. 
-. During these years, one of his principal y works and that which ¢ gave hi 7 
"greatest distinction was the improvement of the ‘Big Sandy River with three 

locks movable dams. “ The needle- -dam- was the type chosen, the first 


oo dams of that type built in the United States. _ His study and reading i in 


thereto of European movable dams resulted in his entitled, 


“Movable Dams”,* for he was” ‘awarded the Norman. Medal by tle 


His paper on movable dams was soon followed by a book, the “Improve- 


_— ment of Rivers”, which was published i in conjunction with Mr. David Watt. ; 
ee This book has since been revised by | them and published in two volumes. Since 
4 its first edition, i it has had wide usage. as a work of reference for those engi- i” 


‘e a neers employed on the design | or construction of works of river imerorcenent 
Besides" s these works, Mr. Thomas contributed discussions. on at least. four 


pap papers , published by the Society on river r improvement, the subjects including 
artificial waterways ;+ improvement of rivers; levees of the Mississippi 


locks and movable da dams" the Ohio River. | 


Mr ‘Thomas: was thorough, and when required to design or construct, 


devoted himself to the examination of all similar works for which | he 


plans or written ‘records. “In addition, AS developed a genius for mechan- 
ical invention al above the ordinary. his published writings, as a 
spondent, and in official ‘reports, he was always interesting on any subject be 


Be. Es introduced. His is great love f for the higher cla 


Praneactions, Am. Soc. C. E., Vol. XXXIX (1898), p. 431. 


+ Loo. cit., Vol. LIV, Pt. F (1905), p. 287. 14d 


Loo, oit., Vol. LI (1903), p. 380. 
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designing, large engineering projects, is 
indicated by his « choosing to remain in the Government service so may years” - 


at a uniformly small compensation and declining an offer of nearly double — 


his salary in a field of work which did not harmonize with b his finer t taste. gti)” | 


a," Mr. Thomas was held in high regard and esteem by all who knew him well ke 


- for his unswerving integrity and as an able and conscientious worker with han 


unusual degree of energy which | never weakened even to the time he was 
_ earried from his office a few days before his death. No one doubts that the + 


Government was fortunate in having such a man and assist 


“On hearing of his’ death, the Division Engineer, Col. Charles” Ww. 
‘Kutz, Corps of Engineers, U. S. A., M. Am. Soe. C. E., wrote Mrs. ade 


“Notwithstanding that he’ had almost ? tenchied: the retiring age, we still felt 
that we needed him as a counselor and adviser, and it may be of interest to 
you to know that, in my capacity as Division Engineer, I recommended his 


For twenty- -eight years of his service, Mr. Thomas at Louisa, Ky. 


_ Thereafter, as District _ Engineer, and as Principal Assistant Engineer for the 


District Engineer Office of the Second Cincinnati District, his. residence was ‘i 


a greater part of the time, at Cincinnati, Ohio. Before moving to Cincin- 
nati, he was accustomed to be called to the District Office for consultation on : 


many y days. or weeks 0: of ¢ each | year; but he always | preferred | the activities o of the | 
field office to office work on reports: and correspondence emanating from 


_ Although he rarely attended | the ‘meetings of the Society, Mr. Thomas highly 


valued its publications and his. ‘membership i in it. He bequeathed his volumes 4 
of. Transactions, together with all the other volumes on engineering 


‘in his library, to the U. Engineer Office, at Cincinnati, | Ohio. ods 
= He is survived by his wife, Mrs. Ada Rice Thomas, his s daughter, Mrs. 


Héloise Thomas Gunnell, and his grand-daughter, Willena Gunnell. 
* Mir. Thomas - was elected a Member of the American Society of Civil Engi- 


EBERHARD JOHN ‘WULFF, M. Am. Soe. C. 


Eberhard Wulff was born at Apiil 23, 1868, 
the son of Dr. Eberhard Wulff and Matilda’ (Glebsettel) Wulff. te He attended 


the: public schools and was puting the Cologne! Horticultural Gym- 


Sho ‘after’ hin gredyation,7 Mr. “Wulff cam to ‘the United | 


settled in Tarrytown, Y., where he for nearly thirty 


‘years, having became a ‘naturalized citizen of the United 8 States on August 28, 


1894. His first. employment. was with Ward Carpenter a and Sons, of Tarry- = 
town, was | s engaged in the of in and 
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City of New York, as Computer, Draftéman;. and 


in to engage in private practice. sich ati het 
Later, che organized the Wulff Engineering | Company, Consulting Engi- 
of Tarrytown, and became its President. This firm: handled a large 


amount) important engineering work i in Westchester eoun- 


“Castleton, He acted as Engineer for the Villages of Hast- 


ings, Irvington, Ossining, Briar Clif, and also’ for 1 many towns West- i 
chester County. In addition to his | engineering» work for these municipali- 
ties ‘Mr. Wulff was also extensively employed as a Landscape Architect by 


the owners of several large estates in Westchester County, and. engaged 


in beautifying the Sleepy Hollow Cemetery. pict ew 


addition t to the private practice in | which the Wulff E E ngineering 
pany was. engaged, Mr. Wulff served for almost nine years as County E 
for. Westchester County, at the same time acting” as Village Engineer 
‘Tarrytown. During this period, was charged with the construction 
‘mainteriance of many miles of important highways and bridges and 
-ordinating a system ‘of connected roads throu ighout the Coun ity. 38 
‘In 1917, Mr. Wulff was appointed Senior Highway Engineer i in the United 
States Bureau of Public Roads, Department of Agriculture. ‘His first assign- 
in this capacity ‘was as Engineer Charge of the Federal “Aid 
in the State of West t Virginia. — He was transferred later to the. State a ; 
Ohio, and, in 1919, was attached to the “Washington Office of the Bureau. a 
After his assignment to the ‘Washington Office, duties” consisted almost 
wholly 3 in the review and criticisms of specifications submitted to the Bureau a 


by the States for Federal approval. His long experience, carefulness, and 


Bae iy On October 16, 1902, he was married to Miss K. Louise Tanner, Wh died i in 
Washington, D. C., in November, 1919. June 1922, he was 
a to Miss Fanny Tuley, of Washington, D. C., who survives him. His death 


nate occurred at Washington, on October 23, 1923, and he was buried in the Sleepy 


sa Mr. ‘Wulff was elected a ‘Member of the é:Amétican Society of Civil Engi- 


neers on May 6, 1914. was also a member of the American Society for 


ALVIN BARTHOLDI FOX, “Assoc. M. Am. Soe. 


wien 


Alvin ‘Bartholdi Fox, the son of the late Frederick and L. 
Fox, was born on October 29, 1886, at Perth Amboy, N.J. $08 


Memoir con compiled from information on file at the Headquarters of the Society, 


thorough scientific training, made him particularly valuable in this line of 
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MEMOIR OF ALVIN BARTHOLDI FOX (Memoirs. 
about. Westchester County. Mr. Wulff remained with this firm, serving in | 
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He received his education in the public schools « of Perth and at 


oe Rutgers College, from which he was graduated : in Ju une, 1908, with the aes ' 
= of Bachelor of Science. In 1912, he received the degree of Civil Engineer. _ 
September, 1908, he entered the employ of Morgan F. , Assoc. M. 
m. Soc. O. E., then County Engineer, first, as ‘Rodman and, ‘subsequently, 

as an Assistant. From November, 1909, to March, 1910, Mr. Fox served | 


7 _ Assistant to the Superintendent of Construction of the Perth Amboy Plant * : 


_,. the American Smelting and Refining Company, an 


man in the Construction Department of the ny. oniy iis 


June, 1910, he was taken into partnership by Mr. Larson, sander the 


a firm name of Larson and | Fox, ‘Engineers and Surveyors, which partnership — 

continued until his death. In 1912, he was” ‘appointed County Engineer of 

Middlesex County, New Jersey, and also Resident Engineer for 
_ _ Highway Department of New Jersey, which appointment he held for one year. E 

> In 1918, Mr. Fox assisted in the organization of the Union Garage Company rs 

of Perth Amboy, and since that date he had been Secretary, Treasurer, and a 

“Manager of the Company, the success s of which was due q 

struction of new w building being erected by. the p 


On July, 15, 1912, Mr. ‘Fox was married to Miss Marjorie M. Brown, of Ne 
- Pa.,, who, with three children and his mother, survives him. 


— 
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member of | the Perth Amboy Automobile Dealers’ and of the 
East Jersey and Raritan : Yacht Clubs, and Treasurer of the County Engineers’ 


HARRY WILLEY ‘KENNEY, | Assoc. M. Am. Soc. 


< 
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Kenney, 
After receiving his preliminary he entered University, 


from which he was graduated in 1912, with. the degree. of Bachelor of 

Science in Civil Engineering At odd times, while at the University, ‘Mr. Phe 


Kenney 1 ‘was emy ployed by City y Engi gineer’s | Office, Providence, R. I. , chiefly on Re. 
record maps of the sewer ‘system. During his Senior year, “he was engaged as 


sistant’ to the City Engineer of: Cranston, 


, mainly < on street improve- 
June, 1912, to November, 1915, he served as. Draftsman with the 
American Bridge Company, at Peneoyd, and Brooklyn, on the | 
and fabrication of steel structures, and ‘from November, 
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MEMOIR. OF [ Memoirs. = 
and Ohio Railroad, at re, Md., chiefly om on railed and 


op On the > entry of the United States into ‘the World War, Mr. Kenney offered — 
ef his services to the Navy Department and was assigned to the Yard Devtledieent 
Section of the Bureau of Yards and Docks. Here, as Chief of ‘Squad, he 
charge ¢ of the preparation of the contract plans of many large steel structures 
for Navy Yards and Stations on both the Atlantic and Pacific Coasts. fs 
eda April, 1921, he was commissioned a Lieutenant (Junior Grade) in the | 


Corps of Civil Engineers, Public We orks Department, U.S. Navy. After brief 
assignments at the Naval Academy, Annapolis, Md., an nd the Naval Operating — 7 
Base, Hampton Roads, Va., Mr. Kenney was transferred to the Eleventh Ne aval — 


District, San Diego, Calif., where he remained until h his death heKe > 


The ‘principal projects completed under his direction in San Diego were . 
the Fleet Supply Storehouse, a six-story building of reinforced concrete, and — 
the first thirteen buildings at. the ‘Naval | Training Station at Loma Portal. be. 


oe He is survived by his widow, who was Miss Mary js: Craumer, o of Baltimore, = 


and two children, Dorothy C. and Harry W. Kenney, Jr. 


lads Bie Kenney was elected an Associate Member of the American Society of 


Civil Engineers on January 19, 1920. ad weit edt to 
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Richard on ‘September 16, 1887, at -Morrison- 


Til. _ After: receiving” his public school he entered the 
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University, he began w work as a with the Eastern Colorado 


i Power Company. He served subsequently as Recorder, with the U. S. Geological i ¥ 
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Survey; as Chainman, with the Missouri, , Kansas and Texas Railway; | as 


ce Recorder, with the Mississippi River Commission ; and as Instrumentman on on i 
Me In 1909, Mr. Reasoner entered the service of the Ore; on Short Line F Rail: a 


“Company. as Division Engineer | on railroad construction. On com-— 
pletion of this work, he employed on various other ‘construction projects, 
including the line of the Portland Railroad and Navigation Company, from 4 


Hillsboro to Tillamook, Ore. ; the construction of the ‘Sandy River Bridge, on 

Mt. Hood as Locating E ngineer for the Utah Railway Company; 
ei and as Contractor’ s Engineer with the Utah Construction ompany or 
2h 


a pt In J une, 1915, Mr. Reasoner again e entered the employ of the Oregon Short — 
. Line Railroad Company as an Assistant Engineer, in the Maintenance of Way 
Department. _ He was promoted, in J anuary, 1917, to Division Engineer of the 
Utah- -Montana Division, serving. in this capacity u until J uly, 1918, -when he was 
ere Lieutenant i in the Engineers Reserve Corps, and was 
sent overseas with 44th From November, 1918, to 
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bt: t LESLIE EDWARD PIERCE 


from J It une, 1919, as Division Engineer of the Division, 


On his return to the United States i in J uly, 1919, Mr. Reasoner resumed his Ps: 


‘denn position as Division Engineer of the Oregon Short Line Railroad Com- 
pany, which he retained until the time of his last illness. noitisoy be 998: 
a As an ‘Engineer, Mr. . Reasoner was capable, industrious, and conscientious | 


a high degree. ‘His earlier general e experience, combined with: his railroad 


engineering work, pea given him the necessary qualifications for a ‘successful 
career, and as he had found favor with the officers and employ ees in the rail- 


road se service, he showed e every ] promise of going far in that work. 
7 On October 31, 1911, Mr. Reasoner was married to Miss Alberta Speers, re 
Salt Lake City, Utah, who, with a ‘daughter, Ruth Beverly, s survives him. 
— Mr. Reasoner was elected an Associate Member of the American Society of . 
Civil 1 Engineers 0 on | January 19, 1920. 
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Am.: ‘Soe. GE 


Dip OcropeR 20, 1923. 


Edward Pierce, the son William B. Pierce, was born in Silver 
He received his tahabed education at Cornell University, from which he Pec) 
wa as graduated i in 1916 with the degree of Civil Engineer. Ww hile at Cornell, — Bee 

active in college affairs and was also interested athletics, having 


served as Chairman of the College Athletic Committee during his Senior ; year. . 
ollowing his graduation in May, 1916, Mr. Pierce entered the employ of 


the J. G. White Corporation as an Assistant to the Engineer « on the construc- 
tion of a power- house for ‘the Connecticut Company at New Haven, Conn., 


including the installation of 7 500-kw. steam turbines and | 5 000- h.p. ‘boilers, 
ars all | the necessary steam accessories. In March, 1917, he was given eC 


From: September, 1917, to ‘February, 1918, Mr. Phew trained as a Cadet 
Officer in the Aviation Service. _ He was then commissioned and detailed to 


- the con and of one ‘flight of the 184th Aero Squadron during the raining 
- period, in responsible charge of the maintenance of six aeroplanes, 1 with power > 


a In May, 1 918, Mr. Pierce was assigned to the Fi irst Army: School f for Aero- 5 
nautical Engineers’ ‘at the Massachusetts Institute of Technology, where his _ 
inves included the design of aeroplanes and airships, fluid and rigid dynamics, _ 


wee 


ower plants, and aeroplane material. On ‘the completion of this work, he — es 3 
received a certificate from the Institute having been graduated from the 
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= ‘aeroplane structures oa parts, as 


erences a position 2 as Engineer with the Aeronautical Corporation of a 
__N. J., which position he retained until his death at Stamford, Conn., on Octo- 


OR ‘Mr. Pierce was elected a Junior of the American Society of Civil Engineers — 
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